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ABSTRACT
IN TRO DUCTIO N
Many patients seen by dietitians in Tygerberg Academic Hospital require feeding 
via the enteral route. Prior to this study all enteral feeds were mixed individually 
by hand, and production was time consuming and very labour intensive. The purpose 
of this study was, therefore, to compare the current method of production, with 
mechanised bulk production (MP) and "Ready to hang" (RTH) products, taking time, 
safety and cost effectiveness into consideration.
M ATERIALS AND METHODS
A machine was designed and built to produce and decant bulk volumes of enteral 
feed. Production methods were evaluated and data was obtained regarding the 
time taken to produce a feed, and the true cost of the feeds produced. 
Microbiological samples were collected and the safety of all the three systems was 
determined and compared.
RESU LTS
MP production time was significantly longer than hand production (HP), but MP 
decanting was significantly more accurate. RTH feeds cost 152% more than HP 
feeds, and MP feeds cost 95% of HP feeds. Seventy-one per cent of HP feeds, 
74% of MP feeds and 34% of RTH feeds were contaminated just after 
administration had began.
CO N CLU SIO N S
Mechanisation is less labour intensive than HP and helps to decrease total costs. 
RTH feeds quickly become contaminated after administration decreasing their 
other advantages.
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ABSTRAK
IN L E ID IN G
Baie van die pasiente wat deur dieetkundiges in Tygerberg hospitaal gesien word, 
benodig buisvoedings. Vo or hierdie studie geloots was, was alle buisvoedings by 
Tygerberg hospitaal met die hand gemaak. Hierdie metode is baie tydsaam en 
arbeidsintensief. Die doel van hierdie studie was, om die voorlopige sisteem van 
produksie te vergelyk met gemeganiseerde grootmaat produksie en "ready to hang" 
(RTH). Die studie het die volgende in ag geneenv produksietyd, mikrobiologiese 
veiligheid en koste effektieweteit.
M ETODE
'n Masjien was ontwerp en gebou om grootmaat buisvoedings aan te maak en 
aftegiet. Produksie metodes was geevalueer en inligting bymekaar gemaak met 
betrekking tot produksietyd, en die ware koste van die voedings. Mikrobiologiese 
monsters was versamel en die mikrobiologiese veiligheid van al drie sisteme is 
bepaal en vergelyk.
R ESU LTA TE
Produksie met die masjien was betekenisvol longer as die voedings wat met die hand 
gemaak was, maar die masjien het betekenisvol meer akkuraat afgemeet met afgiet. 
RTH voedings se koste beloop 152% meer as voedings wat met die hand gemaak 
word, en voedings wat deur die masjien gemaak word kos 95% van die wat met die 
hand gemaak is. Een en sewentig persent van die voedings wat met die hand gemaak 
was, 74% van die masjiengemaakte voedings en 34% van die RTH voedings was 
besmet net na toediening begin was.
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VGEVOLGTREKKINGS
Meganisasie is minder arbeidsintensief as voedings wat met die hand gemaak is en 
help om die kostes af te bring. RTH voedings word vinnig besmet met organismes 
na die begin van toediening en dit verminder hulle ander voordele.
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ABBREVIATIONS, DEFINITIONS AND SYNONYMS
TEN Total Enteral nutrition
RTH Ready to Hang
MP Mechanised Production
HP Hand Production
TPN Total Parenteral Nutrition
TBH Tygerberg Academic Hospital
ICU Intensive Care Unit
G IT  Gastrointestinal tract
Total Enteral Nutrition
Commercially sterile
Standard concentration
Non-sterile feeds
Sterile feeds
Provision of effective nutritional support, via a 
tube, for patients unable to take in adequate 
nutrients via the oral route
No viable organisms can be normally detected 
by the usual microbiological culture methods 
employed
Tubefeed reconstituted to have an energy 
content equal to 1 kcal/ml
Feeds that may contain live bacteria, e.g. 
reconstituted powdered complete feeds
Industrially produced pre packed liquid feeds, 
which are "commercially sterile"
Please note that, throughout this thesis, the following interchangeable terminology will 
be used: enteral nutrition = enteral feeding = tubefeeding and tubefeeds = enteral 
feeds = feeds. This is due to the fact that enteral feeds are produced at TBH in the 
tubefeed room, and that in TBH wards enteral feeds are referred to as tubefeeds. 
Articles used as references also use differing terminology to refer to TEN . The 
terminology bulk production, mechanised production, large-scale production and machine 
production will also be used interchangeably.
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CHAPTER ONE 
INTRODUCTION
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21.1 IN TRODUCTION .
Many patients seen by dietitians in Tygerberg Academic Hospital (TBH) require 
feeding via the enteral route. During the period of July - December 1996 the 
tubefeed room at Tygerberg Academic Hospital produced a weekly average of 279 
enteral feeds and 310 supplementary drinks. Production of enteral feeds and 
supplementary drinks at TBH, at the time of this study, required a full time sta ff 
complement of three general assistants and one supervisor. Enteral feeds and 
supplementation drinks are mixed individually and therefore production is time 
consuming and very labour intensive, a daily average volume of seventy two litres of 
reconstituted powder formulae is mixed and used for enteral feeds and some 
supplementation drinks.
STU D Y AIM
To identify the most effective system of tubefeed production for Tygerberg 
Academic Hospital (TBH) so that the following objectives can be achieved:
■ Increased productivity/time saving
■ Decreased risk of microbiological contamination
■ Production / use of the most cost-effective feed
■ Provision of an up to date facility for student training
H YP O TH ESIS
The null hypothesis in each case is that there is no difference in the three 
methods of tubefeed production.
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31.2 FORMULATION OF TH E PROBLEM AND M O TIVATIO N  FOR TH E  
STUDY:
Manual production of enteral feeds (where feeds are mixed individually by hand) is 
time consuming and very labour intensive. TBH has limited finances due to budget 
cuts and it is therefore essential to identify the most practical and cost-effective 
method of enteral feed production. At the present time sta ff shortages and 
labour problems can lead to disruption of services in the tubefeed room. This is 
due to the fact that the tubefeed room cannot function effectively unless at least 
three s ta ff members are available. At the time of the study financial constraints 
prohibited the employment of further s ta ff members as replacements for those 
being on maternity leave, sick or on holiday. When sta ff shortages are experienced 
it is not always possible to maintain ideal standards of hygiene, which can hold a 
risk fo r the immune-compromised patient. Tygerberg Academic Hospital fu lfils the 
role of a tertiary hospital and a large number of its patients are extremely ill and 
may be immune-compromised. The tubefeed room must be able to expose dietetic 
students to the most up to date facilities in the field of enteral feeding. I t  is also 
important that training covers all methods of tubefeed production. The financial 
situation within the province and hospital is not likely to improve in the near future; 
it is therefore essential to find the most cost-effective way to provide safe 
enteral feeds for patients.
This study began initially as a comparison between the present manual system used 
for tubefeed production and mechanised bulk production. Since the initial 
implementation of the study “Ready to Hang " products (RTH) have become 
available in South Africa. These products have not been used at Tygerberg 
Academic Hospital except in emergency situations such as strike/labour unrest or 
stock problems. This is because the cost per litre of RTH fa r exceeds the cost per
Stellenbosch University http://scholar.sun.ac.za/
4litre of re-constituted powder formulae (not taking labour costs into consideration) 
and because of the fact that at the time of the study a totally different 
administration system was used.
This study is now going to be a detailed examination of the difference between 
various forms of tubefeed production and delivery, with emphasis on bacteriological 
safety, cost and productivity. The present system (Manual (hand) production (HP)) 
is going to be compared with enteral feeds produced using a large-scale enteral 
feed production unit (Mechanised production (MP)) and with the now available 
"Ready to Hang " products. I t  involves the manufacturing of a mechanised large- 
scale enteral feed production unit that will be used in the tubefeed room to 
produce up to 60L of reconstituted powder formulae at a time. All three systems 
will be compared under the following sections: time saving/productivity, cost and 
microbiological safety. Once the three systems have been compared it will be 
possible to determine exactly which system will best fulfil TBH needs. At the 
present time, the true cost of manual production is not known.
1.3 IM PACT OF TH E STUDY
At present no commercial equipment has been specifically designed for bulk 
mechanised production of tubefeeds. Fagerman et al.1 used normal household 
appliances and photographic equipment (timer) to produce larger amounts of feeds 
but did not produce a machine specifically designed to produce feeds. Mechanised 
bulk production will allow advanced preparation of large quantities of enteral feed 
powder, which requires re-constitution.
The study will help to identify which method of production will be the most cost-
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5effective, taking all possible factors into consideration.
The study will identify which form of tubefeed production produces the most 
microbiologically safe feed and which is the safest over a period of 24 hours. 
The study will allow the Nutrition Product Committee of the Department of Human 
Nutrition to decide which method of production is most suited to the TBH situation 
based on factual information and not assumption. Questions, which will be asked, 
include the following: Will the present manual system used be maintained? Will the 
manual system be replaced by mechanised bulk production of enteral feeds? Or 
will the present facilities be down scaled and "Ready to Hang" products used for all 
enteral feeds? Or will a combination of the above fu lfil the TBH situation best? 
This will allow for cost saving and the information can be used for determining 
budget allocations.
The study will enable the Nutrition Product Committee, of the Department of 
Human Nutrition, (with advice from the Department of Microbiology) to make a 
decision with regard to what microbiological cut-off point will be seen to be 
acceptable at TBH. I t  will help to identify the true microbiological risk of the 
present system in comparison to mechanised bulk production, and "Ready to Hang" 
products. The study will determine the efficiency of mechanised bulk production 
when compared to normal manual production and "Ready to Hang" products.
Stellenbosch University http://scholar.sun.ac.za/
CHAPTER 2 
REVIEW OF THE LITERATURE
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72.1.  CONCEPT OF TO TAL ENTERAL N U TR IT IO N  (TEN):
Enteral feeding is the administration of a nutritionally balanced liquid formula 
directly into the stomach or small intestine via a feeding tube.2 The rationale for 
prescribing enteral nutrition rather than parenteral nutrition (TPN) stems from 
the beneficial effects of enteral nutrition on intestinal structure and function. 
Animal studies done mainly with rats have shown that starvation or feeding with 
TPN causes intestinal atrophy and dysfunction.3
The presence of luminal nutrients stimulates the production of a number of 
hormones which are trophic to the gut mucosa namely: gastrin, epidermal / 
epithelial growth factor, glucagon and neurotensin.4 Enteral feeding allows for villi 
growth and increased production of crypt cells and regeneration of absorptive 
epithelium. Food in the intestine mediates these effects both directly and 
indirectly. Direct effects on. the mucosa are due to mechanical contact of 
intraluminal nutrients - these include biliary and pancreatic secretions, which 
stimulate epithelial growth and regeneration. Local presence of nutrients has the 
same function as well as the production of intestinal brush border enzymes.5 
Enteral feeding has a more efficient plamsa insulin response, and is safer and more 
cost-effective than TPN. Enteral feeds are easy to prepare and administer, as 
they do not require sterile techniques.2
2.1.1 H ISTO R Y  OF ENTERAL N U TR IT IO N
Randall has reviewed the history of enteral feeding. 4 The practice of providing 
nutrients to the gastrointestinal tract (G IT ) whilst bypassing the mouth originated 
in ancient times with the Egyptians, who used nutrient enemas for preservation of 
good health. Greek physicians treated diarrhoea and provided nutrients by using
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8enemas containing wine, whey, milk, and barley broth. 4,6 By the end of the 19th 
century feeding via the orogastric route, using milk, eggs, meat extracts, meat 
powders, wine, and brandy was accepted. 6 John Hunter reintroduced the concept 
of nasogastric tubefeeding in the late 1850's; complications such as gastric reflux, 
aspiration and nasal necrosis were common due to poorly tolerated tubes. One 
hundred years later Pareira reported 240 cases of extended tube feeding which 
resulted in weight gain and a positive nitrogen balance. Despite these successes 
widespread clinical acceptance was prevented due to the complications experienced. 
Sedillot f ir s t  attempted gastrostomies in 1839; the mortality rate was 100%. All 
patients operated on died from peritonitis, secondary to leakage of gastric 
contents. Sydney Jones of S t Thomas Hospital in London performed the f irs t  
successful gastrostomy in 1874. In 1855 the concept of jejunostomy feeding 
evolved as a method of enteral feeding. 7 Scientific knowledge of the biochemistry 
and physiology of digestion and metabolism advanced rapidly during the f ir s t  half 
of the 20th century that allowed for the improvement of formulations for tube 
feeding. The availability of more sophisticated formulas, small bore nasoenteric 
tubes, infusion delivery systems, and advances in clinical nutrition specifically 
designed for enteral use have led to renewed interest in enteral nutrition. 7
2.2  IN D IC A T IO N S  FOR TH E U SE OF ENTERAL N U TR IT IO N :
Total Enteral Nutrition (TEN) is the preferred method of feeding patients who 
have an inability to ingest adequate nutrients by mouth but who have a 
gastrointestinal tract that can be used safely and effectively. Safe and effective 
use is defined as the presence of intestinal function and the absence of conditions 
of dysfunction such as gastroparesis, intestinal obstruction, paralytic ileus, high 
output fistulas and the initial phase of short bowel syndrome. I f  the G IT  cannot 
be used safely then TPN should be provided. 5
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9In  general terms, the indications of TEN can be classified as follows:
a) Reduced Food intake / inability to consume sufficient food:
- Neurological problems e.g. coma, stroke
- Severe psychiatric problems e.g. Anorexia Nervosa, severe depression
- Senility - any cause
- Cachexia - due to pulmonary and / or cardiac chemotherapy
b) Mechanical S IT  Problems:
- Facial, mandible or dental injuries / operations
- Head and neck malignancies
- Severe stomatitis or mucosal damage due to chemotherapy
- Dysphagia
- Intestinal obstruction
- Low output small intestine or colonic fistula
c) G IT  Dysfunction:
- Reduced ability to digest or absorb nutrients e.g. pancreatitis, malabsorption 
syndrome
- Inflammatory Bowel disease e.g. Chron's disease, Ulcerative colitis, Short 
bowel syndrome
d) Hypermetabolic Conditions:
- Increased nutrient requirements secondary to catabolism and severe 
metabolic stress together with an inability to take in sufficient nutrients to 
meet the increased requirements e.g. large burn wounds, fever, trauma or 
sepsis.2-6
* 0 Si
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2.3 CONTRA-INDICATIONS FOR ENTERAL NUTRITION:
Enteral tube feeding is contra-indicated for patients with diffuse peritonitis, 
intestinal obstruction, which prohibits the use of the bowel, paralytic ileus, 
intractable vomiting and / or severe diarrhoea that makes metabolic management 
difficult. Other potential contra-indications that depend on clinical circumstances 
include, enterocutaneous fistulae, severe pancreatitis, gastrointestinal ischemia 8, 
and upper G IT  haemorrhage.2 Enteral feeding is also not recommended during the 
early stages of short bowel syndrome or if severe malabsorption is present.8 
Enteral tube feeding should also not be provided if patients have an adequate oral 
intake or in those who are at risk of aspiration.2
2.4 PROVISION OF ENTERAL NUTRITION:
The route, which one selects for provision of enteral nutrition (tube feeding) 
depends on a number of factors: the anticipated duration of feeding, the condition 
of the G IT , and the potential of aspiration. The intestine can be accessed at the 
patients' bedside (nasointestinal tube, percutaneous endoscopic gastrostomy -PEG) 
or in the operating theatre (gastrostomy, jejunostomy).
2.4.1. TRANSNASAL ROUTE:
2.4.1.1 Nasogastric / Nasoenteric feeding:
Nasal intubation for nasogastric feeding is the simplest and most frequently used 
method for provision of enteral nutrition. This technique is preferred for use in 
patients who are expected to resume oral feeding. A soft feeding tube with a small 
diameter allows for maximal patient comfort and acceptance. Longer feeding tubes 
can be used to access the duodenum and jejunum in patients who are at risk of 
aspiration.
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I f  long term tube feeding is required then tube enterostomies are indicated, or when 
obstruction makes nasal intubation impossible. A conventional gastrostomy or 
jejunostomy requires a surgical procedure.9
2.4.2 TRANSABDOMINAL ROUTE:
2.4.1.1 Gastrostomy:
This is the traditional route for enteral feeding, disadvantages include leakage of 
gastric contents and infusate around the tube which causes skin excoriation. 
Migration of the tube can cause duodenal obstruction and vomiting and aspiration can 
occur.
Indications: - Patients where a jejunostomy is not technically possible
- Patients cared for in facilities without infusion pump facilities
- uncooperative patients who may periodically displace tubes
Contra-indications: - patients with severe gastro-esophageal reflux, gastric outlet
obstruction or gastric motility disorders
- Patients with documented previous episodes of aspiration
- Patients who have undergone gastric resections7
2.4.2.2 Percutaneous Gastrostomy (PEG):
This procedure was developed in 1980 by Gauderer et al as an alternative to operative 
gastrostomy. This technique avoids laparotomy and can usually be done with local 
anaesthesia and intravenous sedation.10 PEG placements can be performed at the 
patients bedside or in theatre without general anaesthesia required9 Catheter 
related complications associated with operative gastrostomy are still found to be a
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factor in PEG but the complications of the laparotomy are avoided. 
Contra-indications for the use of a peg: - complete esophageal or pharyngeal 
obstruction, inability to perform an endoscopy, coagulopathy, active peptic ulcer 
disease, and gastric outlet obstruction. Relative contra-indications include the 
following: previous gastric surgery, gastric and esophageal varices, ascites, severe 
gastroesophageal reflux, and gastroenteric fistulas.10
2.4.2.3. Jejunostomy:
A jejunostomy is the procedure of choice if the transabdominal route is decided upon. 
Large bore catheters like the Foley catheter are uncomfortable and subject to 
problems such as migration and dislodgement. Repetitive movement of the tube in the 
tract prevents a tight f it  and results in leakage around the tube. Over inflation of 
the balloon can cause obstruction and rupture of the bowel7
2.4.2.4 Microfeeding Jejunostomy:
The procedure entails inserting a small-bore catheter into the jejunum. I t  is 
becoming more popular and offers easy access for nutritional support in the 
postoperative period. The use of a microfeeding jejunosotomy has a disadvantage, as 
elemental diets must be used. Catheter care must be meticulous to prevent damage or 
clogging of the catheter.7 Needle catheter or Witzel jejunostomy placed at the time 
of a laparotomy allows for early postoperative feeding as the small bowel is less 
affected by postoperative ileus than the stomach and colon. Jejunal feeding 
minimises the risk of vomiting and aspiration in comparison to gastric feeding.10
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2.5.  TU BEFEED  PRODUCTION M ETHODS: 
2.5.1 MANUAL PRODUCTION:
This is where enteral feeds are individually mixed by hand or by using a blender.
Labadarios et al.2 suggest the following procedure for the manual production of
enteral feeds:
Do the following to make a x  volume of feed:
a) Weigh all dry ingredients on a scale, place into a round bowl.
b) Add sufficient cold, running tap water to make a paste, using a hand whisk.
c) Transfer paste into a measuring beaker and fill up to the 500ml mark with cold 
running water.
d) Clean the bowl and then transfer the 500ml back into it.
e) Using a clean measuring beaker add the remaining cold running tap water to the 
feed to make up the total volume, using the whisk for mixing purposes.
f )  Whisk well and pour through a sieve into a clean container
g) Decant the feed into the bottles allocated for that feed, at the volumes 
prescribed.
h) Refrigerate immediately after sealing the bottle
The procedure currently used at Tygerberg Academic Hospital d iffers from above '
the following way:
a) Weigh all dry ingredients on a scale, place into a round bowl (same as above).
b) Add sufficient cold, running tap water to make a paste, using a hand whisk 
(same as above).
c) Additional water is then added to the paste which is then returned to the 
measuring jug where cold running tap water is added until the specif ic volume 
required is obtained (for total volumes less than 1000ml).
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d) The contents of the above mentioned jug are then poured through a sieve into a 
clean bucket and the remaining volume required is then measured o ff using the 
jug and added to the feed already in the bucket.
e) The feed is then decanted into the bottles allocated for that feed, at the 
volumes required.
f )  All feeds are then refrigerated after being sealed.
2.5 .2  READY TO  HANS (RTH)
These are industrially produced pre-packed liquid feeds, which are “commercially 
sterile". No data is available on production methods used. All feeds have expiry dates 
and date of manufacture printed on them.
2.5 .3  M ECHANISED PRODUCTION OF TU BEFEED S
There is a lack of commercial equipment specifically designed for large-scale (bulk) 
production (including reconstitution) of powdered enteral feeds. Fagerman et al.1 
designed a bulk production technique and equipment that allows for advanced 
preparation of large quantities of the dietary product and permits freezing in the 
final container. A 60-litre tank and a heavy-duty mixer were utilised to prepare a 
ten-day supply of elemental diet. The heavy-duty mixer agitates the solution, which is 
transferred to individual one-litre bags, by a high volume liquid transfer pump 
developed from commercially available components, and is then frozen at - 20 °C. The 
time consuming process of pouring out a specific volume of the solution is therefore 
eliminated. The product is prepared for patient use by removing a frozen bag from 
the freezer and quick-thawing it in a warm water bath for approximately 20 minutes. 
The bags of solution may be thawed in advance or on demand.1
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2.6  COMPARISON OF TUBEFEED PRODUCTION M ETHODS:
There is very little data available in the literature with regard to the comparison 
between different forms of tubefeed production. In  this section the following 
factors, which play a role in the production of tubefeeds, namely; production time, 
microbiological safety and cost will be discussed. Each factor will f ir s t  be discussed 
in general and then include any relevant studies.
2.6.1 PRODUCTION T IM E:
In  a study by Fagerman et al it was found that mechanised bulk production of enteral 
feeds resulted in a 56% time saving in comparison to the normal manual production 
using a blender. The average time taken to prepare a feed using the blender 
technique was 3.4 minute per litre, in comparison to 1.5 minutes per litre for the bulk 
preparation method. I t  was found that mechanised production was practical, 
convenient and more efficient than traditional blender techniques normally used. 
Production time in this case included opening of the foil packets, reconstitution of the 
powder, and transfer of the reconstituted solution to the enteral feeding bag. The 
methodology does not clarify if production time includes or excludes measuring 
the volume of water required for reconstitution.1
Silkroski et al. did a multidisciplinary audit at 11 teaching hospitals that assessed 
hidden costs and quality issues related to tube feeding. Dietetic departments were 
responsible for preparing formulas requiring reconstitution or adding nutrient 
modulars in 82% of hospitals audited. In  18% of facilities, nursing departments 
assumed this responsibility. Time spent preparing formulas ranged from seven to 
thirty minutes per formula, with an average time of 13,4 minutes per formula 
produced.11
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2.6 .2  M ICROBIOLOGICAL SA FETY OF ENTERAL FEED S:
Contamination of enteral feeds is a product of time, temperature abuse, improper 
mixing and packaging techniques.1 Although enteral feeding is a safe and potentially 
life saving therapy, it has been associated with complications, many of which relate to 
the possibility of microbial contamination. A variety of guidelines exist for the 
admixing of parenteral feeding (TPN) but these are not always relevant to enteral 
tube feeding, it is nevertheless important to exercise similar caution when feeding 
patients using the enteral route.12
Maintenance of the gut barrier is essential to prevent infection, sepsis, and 
progressive multiple organ failure.12 The effects of absolute micro-organism colony 
count and the type of micro-organism present may be modified by the condition 
(permeability) of the gastro-intestinal tract. Coliform bacteria are usually harmless 
in their normal habitat (the colon) but can easily migrate into the body though an 
intestinal wall which is damaged by chemotherapy, radiation, or surgery. Once these 
bacteria gain entry into the upper small intestine they can place the immune- 
compromised patient at greater risk of infection and sepsis.
Bacterial contamination of enteral formula is almost inevitable during clinical 
administration and this could become a source of nosocomial infection. Formula, which 
is contaminated, has been cited as a potential cause of diarrhoea, sepsis, and 
pneumonia. Enteral feeding may provide an opportunity for significant reduction in 
the cost of nutrition therapy, when compared to the cost of TPN. Attention must 
therefore be focused on viable methods to maintain the quality and safety of services 
while minimising personnel and equipment costs. Any significant clinical infection, 
which arises from using a contaminated feed, may obliterate any therapeutic 
advantage or cost saving achieved by using that TEN feeding method.13 Complications
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such as gastrointestinal symptoms (diarrhoea, vomiting, abdominal distension), 
colonisation of the G IT , infection and sepsis, pneumonia, prolonged hospital stay, and 
increased mortality have been cited as a result of patients having received enteral 
tube feeds which were heavily contaminated with microorganisms.14 I t  is important 
that the significance of these complications be recognised as enteral feeding is being 
selected more frequently as the primary route of nutritional support in patients, who 
are immuno-compromised and would have previously received TPN .15
I t  is also important to take note that all infections, even if sub-clinical, decrease 
nutrient intake and increase nutrient losses. In these cases the intake of 
contaminated enteral feeds may therefore contribute to, rather than prevent 
malnutrition.14 Exogenous contamination of feeds has been implicated frequently in 
the development of clinically significant infection and sepsis. However, in patients 
who only receive enteral feeding via the S IT , even the administration of sterile feeds 
could a ffe c t the balance of the intestinal microflora.14
Diarrhoea is commonly associated with enteral feeding, occurring in 20% of enterally 
fed patients in general patient units, and in 40 - 50% of critically ill patients who 
receive enteral nutrition. Diarrhoea can further compromise the nutritional status of 
a hospitalised patient by causing dehydration. Diarrhoea may be multifactorial and 
can be caused by concurrent drug therapies, hypoalbuminemia, general formula 
intolerance, formula osmolality, and bacterial contamination of the enteral feeding 
solution.16
Schroeder et al. did a study, which estimated the type and amount of contamination 
that occurred in tinned enteral feeds administered in a community hospital. This study 
found that several of their patients had diarrhoea but did not have contaminated 
feeds, and conversely several did not have diarrhoea yet received contaminated feeds.
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They also found that at times gross contamination of feeds had been found in patients 
who were doing well and vice versa.17 Clostridium d iffic ile  is the most common 
infectious cause of nosocomial diarrhoea. Bliss et al. (1998) found that hospitalised, 
tubefed patients, especially those receiving postpyloric tube feeds, are at greater 
risk of acquiring Clostridium d iffic ile  and developing C. d iffic ile  associated diarrhoea 
than non-tubefed hospitalised patients.18
I t  is not yet known what level of contamination of enteral feeds will actually cause 
infectious complications. In most studies which deal with this topic unacceptable 
contamination was defined as bacterial counts > 105 cfu/ml, (colony forming units) 
based on milk standards and the Centre for Disease Control standards for food-borne 
disease (in USA). In South Africa the Department of Agriculture specifies < 50000 
total count per ml and coliform < 10/ml. Most patients who receive enteral feeds with 
this level may not develop complications, but many enterally fed patients are 
debilitated and may be immuno-suppressed, making them more susceptible. These 
patients are also at risk of aspiration, and if this were to occur a high inoculum could 
be introduced and patients could develop aspiration pneumonia.19 Aspiration pneumonia 
may be chemical (due to feed components) or can be bacterial due to aspiration of 
contaminated feeds. Patients who are more susceptible to infection may require 
sterile commercially prepared feeds and aseptic procedures should then be 
considered.
Patients who are more susceptible to infection include the following:
a) Cases of acute infection, sepsis and those receiving antibiotic treatment,
b) Oncology patients - specifically those on chemotherapy and those who have 
leukaemia,
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c) Neonates,
d) Patients with burns,
e) Any patients who are receiving long term feeding who have an injury which is 
associated with recurrent infections - such as a head injury.
f )  Patients with reduced gastric acid secretion e.g. achlorhydria, pernicious 
anaemia, post gastrectomy or receiving gastric inhibitors e.g. Cimetidine
g) Patients being fed via a route which bypasses the stomach,
h) Immune compromised patients e.g. those receiving immuno-suppressive 
treatment - organ transplants, A ID S .12
The composition of enteral feeds is such that if they become contaminated with 
microorganisms rapid growth may occur. Anderton (1983) reported in a review that 
contamination of both commercial and hospital-prepared feeds had resulted in counts 
of up to 109cfu/ml The administration of contaminated feeds to patients can result in 
bacterial colonisation and infection by opportunistic pathogens and / or food poisoning 
due to bacterial endotoxins.12
The British Dietetic Association (Anderton et al (1986)) has proposed microbiological 
limits fo r the raw materials used as enteral feed ingredients and for the finished 
product (in the nutrient container prior to administration). Non-sterile feeds 
(finished product - in nutrient container prior to administration) are acceptable if 
they have an aerobic plate count cfu/ml of < 101 and should be rejected if the cfu/ml 
is greater or equal to a count of 102. Organisms not permitted at any level include 
the following: E.Coli, Salmonella spp., flostridum  spp. Staph, aureus, B. cere us, 
Klebsiella spp. and Pseudomonas spp. The presence of any Gram -negative organism is 
undesirable and is indicative of poor hygiene during preparation. Anderton et al 
classifies non-sterile feeds as feeds which may contain live bacteria e.g. reconstituted 
powdered complete feeds, and commercial pre-packed feeds in liquid or powder form
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supplemented with nutrients/additives at kitchen, pharmacy or ward level.12 By 
definition non-sterile feeds are contaminated at the start of administration; it is for 
this reason that hanging time for these feeds is limited to 4 hours, to ensure that 
microbial numbers in the nutrient containers will not exceed 103 cfu/ml at the end of 
feed administration.14
Sterile feeds classified by Anderton et al as industrially produced pre-packed liquid 
feeds, which are "commercially sterile" contain no viable organisms that can normally 
be detected by the usual microbiological culture methods employed. Recommended 
microbiological limits for sterile feeds (finished product - in nutrient container prior 
to administration): an aerobic plate count of 0 cfu/ml is acceptable and no organism 
are permitted at any level. The maximum recommended hanging time for such a feed 
is 24 hours.12 These proposed microbial limits at the start of administration, as well 
as the recommended hanging times for both sterile and non-sterile feeds, take into 
account the fact that these feeds will be hanging at ward temperature where rapid 
multiplication of any contaminants present will occur.12
In 1989 the FDA published suggested guidelines for medical foods in their compliance 
program guidance manual. These guidelines include the following:
1. Aerobic plate count less than 10,000 cfu/g
2. Salmonella, absent
3. Listeria  monocytogenes, absent
4. Yersinia enterocolitica  absent
5. Escherichia coir, not to exceed 3 organisms per gram
6. Staphylococcus aureus, not to exceed 3 organisms per gram
7. Bacillus cereus: not to exceed 1000 organism per gram
8. Clostridium perfringens. not to exceed 1000 organisms per gram
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9. Coliform: not to exceed 3 organisms per gram.16
2.6.2.1 Contamination of enteral feeds: sources and principal microorganisms
The potential health hazards to patients who receive microbiologically contaminated 
enteral feeds should be more widely recognised. The use of contaminated feeds can 
result in the development of serious infections.20
The routes which microorganisms gain access to enteral feeds are both endogenous 
and exogenous. There is a possibility that retrograde movement of organisms from 
the patients own G IT  may be a clinically significant source of contamination of the 
enteral feed. Tube placement procedures such as removal of guide wires or aspiration 
to check tube positioning, or both, can contribute to colonisation of the lumen of the 
feeding tube and distal end of the giving set with bacteria from the patients own 
flora. I t  is important to remember that samples taken from the distal end of the 
giving set under clinical conditions may reflect endogenous rather than exogenous 
contamination of the systems. This may help to explain the conflicting results 
presented in studies evaluating the microbiological safety of prefilled, ready-to-use 
enteral feeding systems.15
Potential sources of contamination include raw material (feed ingredients), 
inadequately cleaned production equipment, personnel and the patient themselves. 
The routes by which microorganisms may gain access to the feeds include the 
procedures involved in the preparation and mixing of ingredients, decanting of both 
mixed and sterile ready-to-use feeds and assembly and subsequent manipulation of 
the feeding systems.21 Bacterial contamination of enteral feeds appears to be 
cumulative and is related to the many manipulations of the feed and feeding systems
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between preparation of the feed and the end of its administration.22
a) Feed Ingredients:
Traditional enteral feed ingredients can be a source of tubefeed contamination. The 
main sources of contamination of enteral feed ingredients and the principal 
microorganisms causing contamination are as follows:
• Milk or milk-based ingredients -Staphylococcus aureus, B. cereus and 
Escherichia coli
• Raw eggs -Salmonella spp.
• Water (tap or distilled) - May contain gram negative bacilli23
All types of feeds may become contaminated if non-sterilised water is used to 
reconstitute or dilute them. High levels of gram negative bacilli have been found in 
feeds reconstituted with tap water, due to the fact that although water leaves 
treatment plants with very low levels of only non-pathogenic bacteria, the range and 
numbers of microorganisms increase during transit to taps. Distilled water can also 
be hazardous as it may also contain organisms, which not only remain viable but can 
also multiply in distilled water. 21 Anderton found that bacteria can survive and may 
multiply even in feeds with a low pH and high osmolarity, therefore stric t hygiene 
during preparation and handling of all feeds is very important.22
b) Feed Preparation:
Handling of enteral feeds during reconstitution or dilution provides many 
opportunities fo r microbial contamination to occur. Hospital kitchens are recognised 
as a potential source of microorganisms that can cross contaminate food prepared in 
their environment. Microorganisms found in these feeds have also been isolated in
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domestic kitchens, which could place home enterally fed patients at risk.21 Organisms 
may be transferred to the feed via contact or through the air.
i) Contact:
• Hand, clothes of nurses and other sta ff - Staphylococcus aureus and gram 
negative bacilli
• Equipment (inadequately sterilised e.g. jugs, liquidisers) - Staphylococcus 
aureus and gram negative bacilli12
ii) Airborne
• People - Staphylococcus aureus {on skin scales, respiratory pathogens)
• Wound dressing - Staphylococcus aureus and Gram negative bacilli 
e.g. Pseudomonas aeruginosa
• Dust from streets, buildings -  Clostridium species (spp).12'23
Blenders provide a major source of contamination of enteral feeds. I t  is suggested 
that the use of food blenders be discontinued if there is any doubt in the accuracy of 
cleaning, especially if immuno-compromised patients are being fed. 21,23 Clostridium  
d iffic ile  has frequently been recovered from the hands of personnel caring for 
patients infected with this pathogen, and this implicates hospital s ta ff as a source of 
transmission.18
Ready-to-use feeds are sterile when produced and are less prone to contamination 
because no in-hospital mixing is required. However, the presence of bacteria in 
decanted feeds shows that the procedures involved in the opening and decanting of 
the feed, from the original container, can lead to contamination of the feed before it 
reaches the administration container.21
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c) Feed Administration:
Enteral feeds can become contaminated during the process of administration. 
Sources of organisms include feeding tubes, the patient receiving the feed as well 
as the delivery system used.
i) Feeding Tubes
The feeding tube itself can harbour organisms; formula and organisms can adhere 
to inner surface irregularities of the feeding tube. The feeding tube may 
therefore be a source of colonisation and could potentially contaminate the distal 
end of the delivery set tubing with which it is in contact.19
ii) Patient:
The patient receiving the feed may be a source of microorganisms; organisms may 
be transmitted by contact as discussed previously in section b. The main source 
and type of organisms found are as follows:
• Skin - Staph, aureus, Staph, epidermidis
• Nose - Staph, aureus
• Intestine - Gram negative bacilli, Bacteroides spp., Clostridium spp., Staph, 
aureus
• Infected lesions - Staph, aureus, Pseudomonas aeruginosa12
iii) Delivery System:
Sterile  enteral feeds have been available as ready-to-hang (ready-to-use) "closed" 
systems since the mid 1980's. These products are claimed to be associated with 
reduced labour costs compared with conventional "open systems" in which cans or 
mixed powders are decanted into larger volume delivery bags by nurses or 
pharmacists. Studies have documented that contamination can occur during 
reconstitution and decanting of open-system formulas. "Closed" feeding systems
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have been developed to reduce the number of times a tube feed requires 
manipulation before consumption. In  this system, the feeding solution comes pre­
packaged in ready-to-use bags with or without attached administration sets. 
Decanting of the feeding solution from cans and diluting or reconstituting of the 
formulas is eliminated. The opportunity for contamination to occur is therefore 
decreased, however poor hygiene techniques and/or contaminated administration 
sets can contribute to formula contamination.13 Studies of the sterility of tube 
feeding systems have reported that manipulation of the systems is a primary cause 
of bacterial contamination of the systems and formulas.18
Wagner et al. compared a closed system, an open system using canned formula (OS 
can), and an open system using a powder-based formula (OS powder) that required 
reconstitution before administration. An intensive-care unit setting was used to 
evaluate preparation time, waste and contamination. Both open systems had 
significant contamination after infusion namely: 80% of feeds - OS can and 100% 
of feeds - OS powder, whereas the closed system demonstrated a contamination 
rate of only 5,7%. Both time and waste were significantly higher when using the 
open systems. I t  was found that enteral feeds, infused via a closed system, could 
be safely provided for up to 48 hours. They were also associated with reduced 
labour and contamination.13
The application of this technology for long-term use has the potential to decrease 
costs and increase the convenience of providing enteral nutrition both in extended 
care facilities and at home. The safety of the closed enteral feeding systems when 
used in this environment has been studied. In  a controlled study in a simulated 
nursing home setting, two hundred and eleven 1500ml containers and administration 
spike sets were cultured and evaluated following a 36-hour hang time. The
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containers were prefilled and then spiked with the administration set prior to 
administration. No significant contamination was found.16
Kohn et al reported that when administration systems were rinsed, refilled and 
reused in the laboratory for 72 hours, 15 feeds had counts >10® colony-forming 
units (cfu) / ml and a further two had to be discarded at 60 hours because they 
contained visibly spoiled feed which had coagulated and separated.19 Donius did a 
study, which compared the contamination of a refillable bag enteral feeding system 
with a prefilled, ready-to-use system, and the ready-to-use system with a Y-port 
added - in gastrostomy patients. Results show that, in the clinical setting, the 
prefilled, ready-to-use system was not less contaminated than the refillable bag 
system. The addition of the Y-port to the prefilled, ready-to-use distal tubing end 
did decrease contamination.
These results indicate that the disconnection of the administration set junction 
(gastrostomy tube) may be a more important factor in contamination than the use 
of a refillable bag or a prefilled ready-to-use- system.24 Closed enteral feeding 
systems appear to o ffer some advantages over open systems. Decreased levels of 
bacterial contamination have been shown in the hospital, in the home, and in the 
extended-care facility setting.14
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2.6.2.2 Disease potential of microorganisms and possible complications:
I t  is well documented that contaminated enteral feeds have the potential to cause 
infections and complications in patients who receive them.3,1314,21,24 The following 
factors can play a role in developing these complications:
•  The integrity of the gut mucosa
Microorganisms from the gut lumen can enter the circulation (translocate) as a 
result of disrupted gut integrity (due to perforation, chemotherapy, and 
ischemia), gut bacterial overgrowth, and / or loss of systemic and gut 
immunity.3 Systemic and gut malnutrition can contribute to translocation.3 As 
discussed previously, enteral feeding helps to maintain intestinal tract 
integrity.3
Natural enteric microflora
Treatment with broad spectrum antibiotics can, and does alter the natural 
microflora, increasing the risk of infection by opportunistic pathogens. The 
composition of enteral feeds themselves e.g. pH, and osmolality will a ffect the 
rate of growth, and survival of microorganisms.21
The use of antacids and Hz antagonists, as well as ageing results in an increased 
pH, and therefore increased bacterial proliferation, which can disturb the 
normal balance of flora.21 There is some suggestion that microbes in enteral 
feeds can colonise the entire G IT , and may therefore be a vector for 
nosocomial infections.13
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Type of organism and degree of contamination
The type of organism and degree of contamination can determine whether or 
not a patient experiences complications. The following table provides 
information with regard to the different types of microorganisms, which may 
be found in contaminated enteral feeds, and their potential to cause disease. 12
Table 1: Disease potential of possible bacterial contaminants of enteral 
feeds
Principal Division Genus Disease potential
Gram Negative Bacteria •
Enterobacteriaceae Shigella e.g. Shigella Sonnei Shigella dysentry
Escherichia e.g. E. coli Opportunistic pathogen, 
gastroenteritis
Salmonella e.g. S. Typhimurium Gastro- enteritis, septicaemia
Klebsiella e.g. K. pneumoniae Respiratory tract infections, 
septicaemia
Enterobacter, Serratia , Proteus Opportunistic pathogens
Bacteroidaceae Bacteroides Infections of soft tissues and 
wounds
Pseudomonaceae Pseudomonas
e.g. Pseudomonas aeruginosa
Respiratory and wound infections
Campylobacter Gastro- enteritis
Gram Positive bacteria
Micrococcaceae Staphylococcus Toxic food poisoning, wound
e.g. S. aureus infections, septicaemia
BaciHaceae Bacillus e.g. B. cereus Toxic food poisoning
Clostridium Antibiotic associated colitis
e.g. C. D ifficile , C. perfringens Food poisoning, wound infections
Lactobacillaceae Streptococcus e.g. S. feacalis Gastro-enteritis, septicaemia
2.6.2.3 Prevention /reduction of bacterial contamination of enteral feeds:
The prevention of exogenous microbial contamination of feeds caused by the use of 
non-sterile ingredients, poorly designed systems, and faulty handling procedures 
during the assembly and manipulation of enteral feeding systems is an important 
issue. 15
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Aseptic techniques, the use of ready to hang formulas, and closed delivery systems 
have been found to reduce contamination of enteral feeds. 18 The speculation that 
sepsis, diarrhoea, and infection are associated with contaminated enteral feeds has 
led to the use of methods that decrease the risk of formula contamination. 
Several studies have shown that enteral formula contamination during the delivery 
process may cause significant morbidity, as evidenced by the incidence of 
pneumonia, bacteremia and diarrhoea in the hospitalised and long-term care patient. 
The type and degree of contamination that is required to cause clinical signs and 
symptoms of diarrhoea or bacteraemia is unknown.16
Kohn (1991) found that the potential cost-effective use of delivery sets for longer 
than 24 hours is not practical due to progressive contamination. Almost 25% of the 
delivery sets in this study had unacceptable contamination after 24 hours of 
clinical use, and contamination continued to increase during extended laboratory 
usage. I t  is therefor recommended that delivery sets be used for no longer than 
24 hours in the hospital setting, and that examination of contamination after 12 
hours of delivery set use is warranted.19
Kohn Keeth et al (1996) did a study to investigate whether rinsing enteral delivery 
sets before addition of further formula, affects formula contamination. Both a 
simulated and a clinical phase were conducted. In  both phases there were no 
significant differences between the rinse and no-rinse groups with respect to 
bacteria counts at any time period. This studies finding suggest that rinsing may 
be unnecessary if delivery sets are used continuously for 24 hours or less. The 
study sample size was very small so a type I I  error may be a possibility.25
Anderton et al. (1988) found that the assembly of systems done while wearing 
sterile gloves did not cause feed contamination, but all systems were contaminated
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when assembled either with bare unprotected hands or with hands experimentally 
contaminated with bacterial cells. Delivery of a feed, which was contamination- 
free , was only found to be possible when sterile gloves were used.26
Lee et al. (1999) found that wearing new, non-sterile disposable latex gloves during 
enteral feeding system assembly prevented contamination of the feeds. The risk 
of contamination was found to increase for systems, which were assembled with 
bare hands. Systems assembled with hands experimentally contaminated with 
bacteria resulted in definite feed contamination.27
Fagerman et al (1985) suggest that the addition of a preservative, namely 
potassium sorbate 0,036%, to reconstituted enteral feeds (open system) in 
conjunction with stringent aseptic preparation and reduced hang time, can result in 
a reduction in total bacterial count and final bacterial loads delivered to the 
patient.28, 29
Schroeder et al 17 (1983) did seven related studies, using commercially prepared 
enteral feeding solutions in a tin, to estimate the type and amount of contamination 
that occurred in enteral feeding solutions when administered in a community 
hospital. The initial study was done in a simulated non-clinical setting with select 
technicians monitoring for gavage systems delivering a commercially prepared 
enteral feeding solution. The solution tested remained sterile for over 48 hours. 
In  the second study, a number of nurses maintained the enteral feeding simulations 
unaware of the study objectives. Significant contamination was found, but this 
decreased when the study was duplicated and the nurses were made aware that the 
issue of contamination was being studied. The subsequent study had all gavage 
equipment in clinical use in the hospital on a given day cultured for microbial 
contamination. Significant contamination was present and it did not decrease when
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the study was duplicated following in-service training. In  this study rinsing 
procedures appeared to be helpful in decreasing the number of organisms present.
Patchell et al. did a study in children that examined the effects of the 
improvement in enteral feeding protocol, coupled with an intensive staff-training 
programme, on bacterial contamination. The enteral feeding protocol was modified 
by: priming the enteral feeding set on a metal tray treated with alcohol, using 70% 
alcohol to spray the bottle opener and top, using disposable non-sterile gloves, and 
by filling the feeding reservoir with 24 hours worth of feed rather than only 4 
hours. Results were as follows: enteral feed contamination rates were significantly 
reduced from 62% to 6% of feeds given at home, and from 45% to 4 % of feeds 
provided in the hospital setting .30
The role of biofilms must also be considered when discussing the microbiological 
safety of enteral feeds. The term biofilm is used to denote a polymer -encased 
community of microbes which accumulates at a surface. They are formed when 
microorganisms universally attach themselves to surfaces and produce extracellular 
polysaccharides. Biofilms pose a serious problem because of their intrinsic 
resistance to antibiotics and host defence systems. Biofilms have the potential to 
cause infections in patients with indwelling medical devices such as enteral tubes.31
I t  has been shown that a single incidence of exogenous or endogenous 
contamination may lead to the internal lumen of the enteral feeding tube becoming 
colonized with bacteria. 15 The presence of the enteral feeding tube itself may 
play a role in the colonization of the oropharynx, and thereby increase the risk of 
developing nosocomial pneumonia.21
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Anderton (1995) suggests that the following methods be used to reduce bacterial 
contamination of enteral feeds:
a) Assembly of the feeding system:
• S ta ff should wash, dry and disinfect hands thoroughly and put on clean 
disposable gloves before preparing feeds, assembling systems and any 
subsequent systems.
• S ta ff preparing feeds or handling feeding systems are to wear masks if they 
have a cold or any type of throat or respiratory infection
• At no time should any part of the feeding system be allowed to touch hands, 
skin, or clothes of the person assembling the system or the patient
• Feeding systems to be assembled on a clean, dry, disinfected su rface .22
b) Equipment
• Only use feed preparation equipment that can be adequately cleaned and 
disinfected before use
c) Feeding system:
• Only handle the system when necessary (each time a connection is touched it 
increases the risk of introducing bacteria into the system from hands or the 
environment).
• Avoid administering drugs via enteral feeding tubes if possible. I f  not possible 
the following steps should be followed:
1. Sterile aqueous solutions are preferable to elixirs, emulsions or suspensions 
(may adhere to the tube causing tube blockage and possibly encourage 
bacterial growth).
2. The tube should be flushed with sterile water before and after 
administration of drugs
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3. The luer connector /  administration port should be d isinfected using a new 
alcohol impregnated wipe (70%  isopropyl alcohol) both before and a fte r  
giving the drug, and the use of giving se ts  with ports fo r  giving drugs 
(m ediports, Y- ports) means that the se t does not have to be disconnected.
• V isibly d irty  bottles, cans or cartons should be washed under clean running 
water and dried with a disposable towel.
• Before opening, any part of the outside of the su rface  of bottles, cans or 
cartons, which is likely to come into contact with the feed when it is decanted 
should be thoroughly d isinfected e ither using alcohol spray or an alcohol 
impregnated wipe.
• All bottle openers; sc isso rs , and other equipment used should be cleaned with 
hot soapy water and disinfected before use.
• Do not attem pt to clean / d is in fect and reuse any part of the system  that is 
marked fo r single use o n ly .22
O liv iera  et al. implemented the HACCP system to help control microbiological 
contamination of reconstituted enteral feeding formulations. Before  the 
implementation of HACCP, microbiological analyses of feeds showed the presence 
of indicator organism such as coliforms and Enterococcus spp. and unacceptably 
high levels of mesophilic aerobic organisms (> 104 cfu/m l). A f te r  the 
implementation of HACCP the microbial quality of the feeds improved sign ificantly , 
w ith counts of < 101 c fu /m l.32
2.6.3 COST OF ENTERAL FEED PRODUCTION:
Clinicians have traditionally focused on the costs of enteral form ulas and delivery 
devices when evaluating the expense of th e ir tubefeeding programs. The 
concomitant costs of labour and waste are usually overlooked, and quality assurance 
is o ften  ra re ly  evaluated. I f  not recognised and contained, waste, labour costs and
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quality risks can escalate the cost of enteral nutrition therapy. 19 
I t  is desirable and possible to deliver enteral feeds, which are  not heavily 
contaminated, to patients who are prone to infections. The question of cost should 
not be a deciding fac to r when one decides what type of feed to give a patient.
The cost of providing a patient with a contaminated feed may outweigh any money 
saved.33
M o ff it t  et al. did a study, which used both laboratory, and clinical settings to 
evaluate whether retrograde bacterial movement under "no flow" conditions resu lts 
in contamination of closed system feeding containers. The study included an 
analysis of formula waste and costs using several 24 or 36 hour hanging scenarios. 
I t  was found that a potential cost saving of between $ 6 7  and $135 per patient per 
month could be achieved provided the appropriate container size  was used and when 
feeds were provided fo r a minimum period of 36 h o u rs .34
S ilk rosk i e t al. did a multidisciplinary audit at 11 teaching hospitals throughout the 
United S ta te s  and assessed hidden costs and quality issues related to enteral 
feeding. Hidden costs were identified: 18% - 62% of formulas were wasted per 
patient per day. Formula costs contributed to only 43% of mean total tube feeding 
expenditure and enteral feeding bags and feeding tube se ts  comprised of 23% of 
the  mean total tube feeding expenditure. Combined costs of formula plus feeding 
bags and se ts constituted 66% of hospital tube feeding expenses. Labour 
comprised 34% of the total cost of tube feeding in the audited hospitals (th is 
included time spent by nursing s t a f f  preparing formulas and managing feeds). 
T h e ir  resu lts  indicate that the cost of labour and waste is often not included when 
purchasing decisions are made. Cost of wages was found to be a sign ificant and 
reducible expense of hospital tube feeding programs. Tube feed preparation and 
adm inistrations were found to take up considerable amounts of hospital employee
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time. The use of closed feeding systems and minimising the use of powdered and 
modular formulas can significantly reduce formula waste and labour c o s t s .11
Closed enteral feeding systems appear to o ffe r  some advantages over open 
system s. When closed system hang time has been increased (to more than what is 
recommended fo r traditional open system s), microbiological sa fe ty  has not been 
compromised. 35 Closed system containers are regarded as the sa fe s t  way to 
deliver non-contaminated nutrients to patients, ready-to-feed d iets supplied in 
cans a re  also considered sa fe  when properly handled. However both of these are 
expensive, and th e re fo re  many hospitals s t ill use d iets that require major handling, 
allowing several opportunities fo r contamination of enteral d ie t s .36
All R TH  feeds used in South A fr ica  are imported. W ith the recent decrease in 
the  value of the Rand these feeds are  becoming more and more expensive. Th is  is 
why it  is essential to determine not only the true  cost of tubefeed production at 
TBH  but also which production method will be most co st-e ffe ctive  when all 
contributing fac to rs  have been taken into consideration.
Stellenbosch University http://scholar.sun.ac.za/
CHAPTER THREE 
METHODOLOGY
Stellenbosch University http://scholar.sun.ac.za/
37
3.1 STUDY DESIGN
Th is  study was a descriptive , comparative study, which evaluated and compared 
th ree  d iffe re n t methods of tubefeed production namely; manual production 
(p resent system ), mechanised production (using a self-designed bulk production 
unit) and "Ready to Hang". Data gathered was used to identify the most e ffe c t ive  
system  available fo r the TBH  situation.
3.1.1 DESCRIPTIONS OF DIFFERENT PRODUCTION SYSTEMS / 
METHODS
3.1.1.1 Present system
A t the time of the study the tubefeeds in the tubefeed room were all produced 
manually. A full-tim e s t a f f  complement of four was required to produce all 
tubefeeds and supplementary drinks. O rders fo r  tubefeeds were placed via 
computer and a fte r  the d ietitian on duty had printed out s t icke rs  fo r  the bottles 
the  feeds would be produced. One s ta f f  member was responsible fo r  the weighing 
o f polym etric feed powder and th is was then placed in a metal bowl. Another s t a f f  
member then added a small amount of water and mixed, using a whisk, until a 
smooth paste was obtained. Additional water was then added to the paste and then 
the en tire  m ixture was tran sfe rre d  to a measuring jug where fu rth e r w ater was 
added until the co rrect volume was obtained. The co rrect volume of feed  (plus 
additional w ater if  required) was then tran sfe rred  to a clean bucket a f te r  being 
poured through a sieve. A t times two feeds were reconstituted , in the same bowl, 
a t the  same time. All equipment used e.g. whisks, jugs, and buckets were rinsed in 
biocide w ater between feeds. Every feed was decanted, using funnels, from  the 
buckets into four marked (with s t ick e rs ) glass bottles (recycled 1000ml bottles 
in itia lly used to provide IV  rehydration flu id ), a t the specific  volumes required.
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Most orders fo r  tubefeeds are made a fte r  the d ietitians have been on ward rounds 
resulting in a very busy period from lOhOO - 12h00. The period from  07h00 - 
lOhOO is utilised fo r cleaning bottles and making any feeds, which have already 
been ordered. Feeds are delivered to the wards once all feeds ordered by 12h00 
have been made. Random feeds were identified on a daily basis and microbiological 
samples were collected and sent to the Department of Microbiology fo r infection 
control. See Addendum 1 fo r a diagram indicating the layout of the tubefeed room.
3.1.1.2 Mechanised production (bulk production):
Design of machine for mechanised bulk production of enteral feeds:
The researcher used the concept designed by Fagerman et a l.1 as a starting  point 
and drew a basic diagram of the machine she envisaged. She also listed the 
reconstitution and decanting functions it must be able to fu lf il . The researcher 
then consulted with a number of engineering companies about what was required to 
m anufacture a machine with these specific functions. Small adjustm ents in the 
design of the machine were made. All quotes received from  the above mentioned 
companies fa r  exceeded the budget available. I t  was then decided to consult with 
a p rivate engineer who would be able to produce the same final product fo r  a much- 
reduced price. The researcher was involved in every step of the designing process 
and consulted regularly with the engineer who built the final product 
(F igure  1,2 and 3 and Addendum 1 and 2).
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Figure 1: Machine installed in the tubefeed room at TBH
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Figure 2: Volumetric measuring equipment control panel
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enteral feed f  lowinq into administration bottles
Silicone pipe which runs from the mixing tank 
through the pump mechanism
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Figure 3: Peristaltic pump mechanism
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The machine was designed and built specifica lly  fo r the TBH  situation. Specific  
fa c to rs , which were taken into consideration when producing th is machine, included 
the following:
• Total volume of feed required
• Number of s t a f f  required to work the machine
• Funding available fo r building of the machine
• Methods of mixing required
• Methods of tubefeed administration to be used
The machine designed was built to fu lf il the following requirements:
• to produce a large volume of standard concentration tubefeed
• to produce a well mixed, homogenous tubefeed
• to measure various volumes accurately as required
• to be easy to clean, and microbiologically sa fe
• to be easy to use
• to be compatible to all possible delivery system s that could be used
• to be economical to run
• to be able to be used fo r training purposes
• to have parts that are easily available and a ffo rdab le
• to be able to be used in emergency situation
Description of how the bulk production machine functions:
The ordering system  used by d ietitians to order tubefeeds as described above was 
not altered  in any way. The total volume of tubefeed produced the previous day 
was calculated, using th is information (in conjunction with predetermined ch a rts ) 
the total volume of water and polymeric enteral feed powder required was 
determined (Addendum 3).
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The co rrect volume of water required is measured and allowed to run into the 
machine. The machine is turned on and the m ixer blades begin to ag itate the 
w ater. The co rrect weight of powder is accurately weighed and slowly added to 
the water to allow fo r reconstitution. The operator of the machine se ts  the 
decanting volume. The volume of polymeric feed required is decanted into 1000ml 
glass bottles (as used in the description of present method) marked with the 
patient's name. The volume to be decanted is adjusted as required (Addendum 3).
Validation and Pilot study
The completed machine was installed, cleaned with detergent and all components 
were rinsed with biocide water. All taps on the machine were numbered and 
marked. A manual, describing how the machine functions was se t up and copies 
were made available to the s t a f f  who work in the tubefeed room (Addendum 3). 
Two members of the tubefeed room personnel were trained to use the machine. 
S t a f f  problems at th is time made it impossible to tra in  all personnel at the same 
time.
The two personnel members were given daily training sessions, in itia lly these 
involved verbal explanations of how the machine functions with re fe ren ce  to the 
manual provided. The machine was in itially run only using w ater, until the personnel 
were able to confidently work the machine without having to re fe r  constantly to 
the manual. They were, however, requested to use the manual as a step-by-step 
procedure lis t to prevent any problems from  occurring. Exp ired polymeric feed 
powder was used fo r the next p ractice  round to ensure that reconstitution 
occurred co rrec tly , and to give s t a f f  practical experience in weighing o f f  and 
adding the co rrect volume of powder to the water in the machine. The 
reconstituted polymeric tubefeed produced during th is tr ia l period was discarded
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a fte r  production. The machine was then cleaned as described in the manual. This 
entire  process took place over a period of about four weeks. During th is  time 
tubefeed production occurred as normal as discussed above under present system .
The pilot study took place, between the 23rd of February 1999 and the 10th of 
March 1999. During th is time small volumes (not more than 20L) of polymeric 
formula were produced using the machine, but discarded a fte r  production and 
a fte r  samples had been delivered to the department of microbiology. I t  was 
decided that the machine could only be used to produce tubefeeds fo r patients in 
the hospital if  could be proved to produce microbiologically sa fe  feeds. The pilot 
study required the two trained personnel members to be present to work the 
machine; untrained s ta f fs  were not involved at any time. Ten percent of initial 
samples were contaminated, and personnel were made aware of the need to work 
very hygienically. I t  was decided to flush the entire  machine and all pipes with 
biocide solution a fte r  tubefeed production and cleaning with d isin fectant. The 
water storage container was filled  with a biocide solution each night and th is  was 
used to flush out the machine the next day prior to use. Once these adjustm ents 
to the cleaning schedule had been made, fu rth e r  samples were taken and checked 
by the department of microbiology. The machine was tested  and used to produce 
20L of polymeric formula a fu rth e r th ree  times and all th ir ty  samples tested  (ten 
taken from  each 20L produced) were found to be clear of any bacteria l 
contamination. The machine was then used on a daily basis to produce up to 60L of 
polymeric formula. Random tubefeed samples were collected during th is period fo r 
infection control as mentioned previously under present system .
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3.1.1.3 RTH (Ready to Hang)
During th is  section of the study, 500ml glass bottles of RTH polymeric enteral 
formula were used to replace pre-selected (randomly) powdered polymeric 
tubefeed which would have been produced in the tubefeed room. All bottles used 
in th is section of the study came from  the same batch. A number of samples of 
these feeds (from  the same batch) were collected, and sent to the Department of 
Microbiology. All samples were found to be fre e  of any bacterial contamination. 
Powdered polymeric tubefeeds ordered were simply replaced by the co rrect 
number of RTH  polymeric feed bottles to make up the co rrect energy and volume 
required. A record was kept of the number of bottles sent out to each patient.
3.2 METHODS
3.2.1 EVALUATION OF THE THREE METHODS OF TUBEFEED PRODUCTION
In  the study each of the three methods of tubefeed production was evaluated fo r 
the following:
• The time required fo r production
• Microbiological contamination levels and sa fe ty
• Total cost of the production method used
This was done in order to determine the most appropriate tubefeed production 
method fo r  TBH .
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3.2.1.1 Present system - manual production
The following points were used to evaluate the present system  used at TBH :
1. The time required to produce tubefeeds using the present system was 
determined. Tubefeeds produced were also weighed to determine the accuracy 
of the decanting method and wastage of tubefeeds at ward level was noted. 
(Addendum 4 and 5)
2. The microbiological sa fe ty  of enteral feeds produced using the present system 
was evaluated
3. T rue  cost of feeds - th is included the basic price of ingredients, the cost of 
labour, the cost of e le c tric ity  and water used and the cost of cleaning products 
(Addendum 6) and the cost of administration equipment.
Th is section of the study took place from Monday 19th October 1998 to Thursday
29th of October 1998
3.2.1.2 Mechanised production and validation of new machine
Once the machine was installed and running, the product and system  were
evaluated. The following points were investigated and used to evaluate bulk
production of tubefeeds:
1. The time required to produce a tubefeed using the machine. Tubefeeds 
produced were also weighed to determ ine the accuracy of the decanting method 
and wastage of tubefeeds at ward level was noted. (Addendum 4 and 5)
2. The microbiological sa fe ty  of enteral feeds produced using the machine was 
evaluated
3. T ru e  cost of feeds (fac to rs  as fo r  manually produced)
Th is section of the study took place from  Monday 12th April 1999 to Thursday 22nd
April 1999.
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3.2.1.3 Ready to Hang
The available "Ready to Hang" products were evaluated by taking the following 
points into consideration:
1. W astage of tubefeeds at ward level was noted.
2. The microbiological sa fe ty  of the product. (Addendum 5 and 7)
3. The true  cost of RTH  feeds taking all fac to rs  into consideration.
Th is section of the study took place from  Monday 23rd November 1998 to Thursday 
3rd December 1998.
2.6.1 SAMPLING
This section re fe rs  to how the researcher identified which individual tubefeeds 
would be included in the evaluation of each method of tubefeed production, namely 
production time, microbiological sa fe ty  and cost. The following method was used to 
evaluate the present system as well as mechanised production:
A total of 160 individual tubefeeds (80  fo r each method of tubefeed production) 
were identified fo r inclusion in the study. Ten tubefeeds were identified on day 
1 ,2 ,3 ,6 ,7 ,8 ,9 ,and 10 (Day 1 = Monday, Day 6 = Saturday) fo r  each production 
method. The tubefeeds were randomly selected as follows: one of the tubefeed 
personnel or d ietitians was asked to close the ir eyes and use a pen to randomly 
mark a point on the tubefeed list which had been printed fo r that day. The list 
included all the tubefeeds from  all the wards of the hospital. The lis t was printed 
on a daily basis, however, feeds were only produced once the d ietitian  a t ward level 
had sent through the order fo r that day (via computer).
The researcher had decided in advance to select individual tubefeeds (which 
fu lfilled  the c r ite r ia  below) to be included in the study by marking every 5th feed 
from the random point identified above. I f  it was not possible to use the 5th feed
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identified (see exclusion lis t), then the next feed , which fu lfilled  the c r ite ria  
below, was included. The 5th feed from  th is point was taken to be the next sample. 
The random selection continued through the lis t until 10 feeds (which fu lfilled  the 
c r ite r ia ) were identified.
Criteria for inclusion were as follows:
- Polymeric feeds normally produced by Tygerberg Academic Hospital tubefeed 
room.
Criteria for exclusion were as follows:
- all supplementary drinks
- all other types of tubefeeds e.g. semi-elemental, RTH  and tinned tubefeeds
- all polymeric feeds with any additions e.g. sa lt , vitamins
- all tubefeeds ordered fo r patients in the oncology unit of Tygerberg Academic 
Hospital as distance from the main hospital building did not allow fo r tubefeed 
samples to be collected within the time limits of the study
- any feeds which are not ordered at the standard concentration of 1 kcal/ml
- any feeds which had not been ordered by 12h00 as these would not have had a 24 
hour hanging period at ward level (these could only be identified a fte r  12h00 and 
were th e re fo re  not replaced by other feeds)
The individual randomly selected tubefeeds were marked with a highlighter and 
these feeds were then included in the study (the  relevant s tick e rs  were marked 
with a highlighted a ste r ix  (* ). The randomly identified tubefeeds were allocated 
p ro ject numbers in the order in which they appeared on the tubefeed list.
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The method used to identify which feeds would be used in the Ready to Hang 
component of the study was as follows:
A total of 80 individual tubefeeds were identified fo r inclusion. Ten tubefeeds 
were identified on day 1 ,2 ,3 ,6 ,7 ,8 ,9 ,and 10 (Day 1 = Monday, Day 6 = Saturday). 
The tubefeeds were randomly selected as follows: one of the tubefeed personnel 
or d ietitians was asked to close the ir eyes and use a pen to randomly mark a point 
on the tubefeed list which had been printed fo r that day. The list included all the 
tubefeeds from  all the wards of the hospital. The list was printed on a daily basis, 
however feeds were only produced once the d ietitian at ward level had sent 
through the order fo r that day (via computer).
The researcher had decided in advance to select individual tubefeeds (which 
fu lfilled  the c r ite r ia  below) to be included in the study by marking every 5th feed 
from the random point identified above. I f  it was not possible to use the 5th feed 
identified (see exclusion lis t) , then the next feed , which fu lfilled  the c r ite r ia  
below, was included. The 5th feed from  th is point was taken to be the next sample. 
The random selection continued through the list until 10 feeds (which fu lfilled  the 
c r ite r ia ) were identified . All d ietitians were informed th a t randomly selected 
polymeric feeds would be replaced with a ready to hang product (provided at 
lkcal/m l).
Criteria for inclusion were as follows:
- standard concentration polymeric formula feeds which were replaced with an 
equivalent energy value of ready to hang product
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Criteria for exclusion were as follows:
- all supplementary drinks
- all other types of tubefeeds e.g. semi-elemental, RTH  and tinned tubefeeds
- all polymeric feeds with any additions e.g. sa lt , vitamins
- all tubefeeds ordered fo r patients in the oncology unit of Tygerberg Academic 
Hospital as distance from  the main hospital building did not allow fo r tubefeed 
samples to be collected within the time limits of the study
- any feeds which are not ordered a t the standard concentration of 1 kcal/ml
- any feeds which had not been ordered by 12h00 as these would not have had a 24 
hour hanging period at ward level (these could only be identified a fte r  12h00 and 
were th e re fo re  not replaced by other feeds)
The individual randomly selected tubefeeds were marked with a highlighter and 
these feeds were then included in the study (the relevant s tick e rs  were marked 
with a highlighted a s te r ix  (* ). The randomly identified tubefeeds were allocated 
p ro ject numbers in the order in which they appeared on the tubefeed list. The 
relevant number of 500ml bottles was sent according to the total volume ordered, 
using a volume equivalent to what would normally provide 1 kcal per ml. S t ic k e rs  
printed fo r bottles were adjusted to co rrectly  indicate the contents, and the 
administration volume.
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3.2.3. PRODUCTION TIME
Th is param eter included the reconstitution time and decanting time fo r production 
of tubefeeds. The sum of the two sections is equal to total production time.
The reconstitution time included the following:
• weighing of the powder
• re-constitution of the powder
• measurement of water required fo r re-constitution (manual production)
• sieving of re-constituted product (manual production)
The decanting time included the following
• transfe ren ce  of the reconstituted product to the administration bottles
• sealing of the bottle a fte r  tra n s fe r  of the reconstituted product
Production time was measured using a stopwatch (recorded in seconds) and the 
randomly selected feeds were timed as they were mixed. Tubefeed personnel 
indicated to the researcher, prior to beginning with reconstitution and decanting, 
which feeds were marked with an a s te r ix  (* ).
Accuracy of decanting method
The following method (based on weight of the total feed a fte r  reconstitution and 
sealing of the bottles) was used to determine the accuracy of the volume of 
tubefeed decanted fo r both manual and mechanised tubefeed production.
Ten, empty 1000 ml glass bottles were weighed so th a t the average weight fo r  a 
glass bottle could be determined. Ten bottle lids were weighed so that the average 
weight of a lid could be determined. An accurate plastic 1000ml measuring jug was 
used measure 100ml, 200ml, 300ml, 400m l, 500m l, 600m l, 700m l, 800ml, 900m l, and
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1000ml of standard concentration polymeric feed (lkcal/m l). Th is was weighed 
using a Masskot (10kg x  1 g) digital computing scale (220v/ 50 HD, model 10D, 
VI.1994) accurate to the nearest gram. These weights were then used to 
determ ine the average weight of one ml of standard concentration polymeric feed. 
Th is value was then used to determine if  feeds had been co rrectly  measured and 
produced. The four bottles of sealed reconstituted feed were weighed with lids, 
and the total weight was compared to that of the expected standard weight, fo r 
the same total volume (a fte r  deducting the total weight of the four lids and bottles
- using average weights already determined). Feeds were noted as weighing too 
little  or too much and the volume d iffe rence  (in ml) was recorded.
Wastage of tubefeeds produced
Th is was determined fo r all th ree  methods of tubefeed production. Records were 
kept of the total volume of tubefeed remaining in the bottle at the time sample C 
was collected. The researcher calculated what volume of feed would be wasted or 
not given by the cut o ff  time of 12h00 (taking current m l/hr rate  and time till 
12h00 into consideration). The ward and kitchen fridge  was checked fo r  any 
remaining bottles and th is volume was recorded. The total volume of feed wasted 
was determined by adding the volume of feed le ft  at ward level (once calculated) to 
what ever was le ft  over in the fridge . Th is was then expressed as a percentage of 
the total volume sent out from  the tubefeed room.
3.2.3.1 Present system
A time study was performed to quantitate the production time of tubefeeds using 
the system  presently used at TBH . The s ta f f  member was timed whilst preparing a 
randomly selected tubefeed, whilst using the traditional manual method. The 
average time value was then expressed as time taken (in seconds) to produce the 
tubefeed expressed as a final figure of seconds per litre  (seconds /L ). Th is  was
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then be compared to the average time (seconds / L ) used to produce tubefeeds 
using the mechanised production method. Reconstitution time and decanting time 
were also compared individually.
3.2.3.2 Mechanised production
The average time value was then expressed as time taken (in seconds) to produce 
the tubefeed expressed as a final figure of seconds per litre  (seconds /L ) . This 
was determined by dividing the total volume of tubefeed produced (in lit re s ) by the 
time taken fo r production. Th is was then be compared to the average time 
(seconds /  L ) used to produce tubefeeds using the manual production method. 
Reconstitution time and decanting time were also compared individually.
3.2.3.3 Ready to hang (RTH)
No reconstitution or decanting of th is product was required and th e re fo re  th is 
section was not evaluated. Feeds are already reconstituted and are in a form , which 
can immediately be administered.
3.2.4 MICROBIOLOGICAL SAFETY
Prior to th is study taking place, the tubefeed room s t a f f  were responsible fo r  the 
random daily collection of enteral feed samples fo r  microbiological analysis. These 
were collected in the tubefeed room (at the time of production) fo r  quality control 
purposes. The resu lts , when positive fo r  bacteriological contamination, recorded 
the presence of specific  organisms but not precise cfu  counts /  ml. These 
s ta t is t ic s  were the re fo re  not used in th is study.
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In  th is study the bacteriological sa fe ty  of all th ree  production methods was 
determined and compared. The evaluation of the bacteriological sa fe ty  of the 
th ree  system s included taking samples of each individual randomly selected 
tubefeed (as discussed under sampling):
• the time of production in the tubefeed room (Sample A) - not used fo r RTH
• initiation of feeding at ward level (Sample B)
• completion of administration of the feed at ward level (Sample C)
(Addendum 8,9 ,10)
The specific  sampling procedures followed fo r each production method will be 
discussed separately.
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Samp le  B 
( 1 s t  b o t t le  
< 14 hOO) 4
D e p a r tm e n t  
of M icrob 1 0 logy
r Dcl y  0
i .  ir ]1 iJ
C o l l ec t  
S a m p l e  C 
( L a s t  b o t t l e  
< 12 hOO) 6
D e p a r t m e n t  
of Mi c rob i o l ogy Day Two  
_  6 -  7
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3.2.4.1 Present System:
Tubefeed samples fo r microbiological analysis were collected as follows: 
Week 1:
Monday (day 1) Sample A and Sample B
Tuesday (day 2) Sample A, Sample B and Sample C (from Monday) 
Wednesday (day 3) Sample A, Sample B and Sample C (from Tuesday) 
Thursday (day 4 ) Sample C (from Wednesday)
Saturday (day 6) Sample A and Sample B
Sunday (day 7 ) Sample A, Sample B and Sample C (from Saturday)
Week 2:
Monday (day 8) Sample A, Sample B, and Sample C (from Sunday)
Tuesday (day 9) Sample A, Sample B and Sample C (from Monday)
Wednesday(day 10) Sample A, Sample B and Sample C (from Wednesday)
Thursday (day 11) Sample C (from Tuesday)
Samples were taken on both week and weekend days so as to be fu lly  
representative . See Addendum 8 fo r fu rth e r details.
The following method was used to collect samples of the feeds:
At time of production (Sample A)
The sample was taken a fte r  the bottles had been sealed, once the decanting 
process had been completed. The researchers hands were washed prior to , and 
a fte r  the sample had been taken. The researchers hands were sprayed with 
alcohol, and the bottle was shaken well before the sample was taken. The lid of the 
bottle was removed. A webcol alcohol swab was used to d is in fect the lip of the 
bottle, and 3-5 ml of the contents of the tubefeed bottle was poured out into a
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14ml s te r ile  screw  closure te s t tube. The samples were then marked (p ro ject 
number and sample A) and kept re frig e ra ted , on ice, until taken to the Microbiology 
Department. Samples were delivered to the Microbiology Department within 1 to 2 
j  hours a fte r  collection.
When adm inistration o f the tubefeed was begun in the ward (Sample B)
These samples were collected once samples A <& C (o f previous day) had been 
delivered to the Department of Microbiology. The researchers hands were washed 
prior to, and a fte r  the sample had been collected. The researchers hands were 
sprayed with alcohol, and once the administration system  has been disconnected, 
the bottle was shaken well and the sample was collected. However, if  the bottle 
had not ye t been connected to the administration system , a sample was taken and 
the source of the sample was noted e.g. ward re frig e ra to r. A webcol alcohol swab 
was used to d is in fect the lip of the bottle, and 3-5 ml of the contents of the 
tubefeed bottle was poured out into a 14ml s te rile  screw  closure te s t  tube. The 
samples were then marked (p ro ject number and sample B) and kept re frig e ra ted , 
on ice, until taken to the Microbiology Department. Samples were taken from  
feeds, stored in re frig e ra to r , if  administration had not begun by 14h00. Samples 
were delivered to the Microbiology Department within an hour of collection.
Completion o f adm inistration o f the feed  (Sample C)
This sample was collected before 12h00, a fte r  the administration system  had been 
disconnected. Collection of sample C began from  llhOO. The source of the sample 
was recorded. The researchers hands were washed prior to , and a fte r  the sample 
had been collected. The researchers hands were sprayed with alcohol, and once 
the administration system has been disconnected, the bottle was shaken well and 
the sample was collected. A webcol alcohol swab was used to d is in fect the lip of 
the bottle , and 3-5 ml of the contents of the tubefeed bottle was poured out into a
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14ml s te r ile  screw  closure te s t tube. The samples were marked (p ro ject number 
and sample C) and kept re frig e ra ted , on ice, until taken to the Microbiology 
Department. I f  the feed had been completed before sample C was taken; th is  was 
recorded. The total volume of feed remaining was also noted, as well as possible 
reasons why the feed had not been completed within the 24-hour hanging period. 
Samples A & C were taken to Department of Microbiology once all A & C samples 
had been collected. Samples were delivered to the Department of Microbiology 
within a 2 - 2 \ hour period a fte r  collection (Addendum 8).
3.2.4.2 Mechanised production
Tubefeed samples fo r  microbiological analysis were collected as follows: 
W eek 1:
Monday (day 1) Sample A and Sample B
Tuesday (day 2) Sample A, Sample B and Sample C from Monday 
Wednesday (day 3) Sample A, Sample B and Sample C from Tuesday 
Thursday (day 4) Sample C from Wednesday 
Saturday (day 6 ) Sample A and Sample B
Sunday (day 7 ) Sample A, Sample B and Sample C from Saturday
Week 2:
Monday (day 8 ) Sample A, Sample B, and Sample C from Sunday 
Tuesday (day 9 ) Sample A, Sample B and Sample C from Monday 
Wednesday(day 10) Sample A, Sample B and Sample C from Wednesday 
Thursday (day 11) Sample C from Tuesday
Samples were taken on both week and weekend days so as to be fully
representative. See Addendum 9 for further details.
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The following method was used to collect samples of the feeds:
At time of production (Sample A)
Method as fo r present system - details can be seen in Addendum 9.
When administration of the tubefeed was begun in the ward (Sample B) 
Method as fo r present system  - details can be seen in Addendum 9. 
Completion of administration of the feed - Sample (c)
Method as fo r present system  - details can be seen in Addendum 9.
3.2.4. 3 Ready to Hang
Samples were taken as follows (there  were no A samples):
Week 1:
Monday (day 1) Sample B
Tuesday (day 2) Sample B and Sample C from Monday 
Wednesday (day 3) Sample B and Sample C from Tuesday 
Thursday (day 4) Sample C from Wednesday
Saturday (day 6) Sample B
Sunday (day 7) Sample B and Sample C from Saturday 
Week 2:
Monday (day 8) Sample B , and Sample C from Sunday 
Tuesday (day 9) Sample B and Sample C from Monday 
Wednesday (day 10) Sample B and Sample C from Tuesday 
Thursday (day 11) Sample C from Wednesday
Samples were taken on both week and weekend days so as to be fully
representative. See Addendum 10 for further details.
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The following method was used to collect samples of the feeds:
When administration of the tubefeed was begun in the ward (Sample B)
The B samples were collected once the C samples of the previous day had been 
delivered to the Microbiology Department. The sample was taken from  f ir s t  
bottle, which was administered to the patient; records were kept of whether the 
patient was already receiving the feed when the sample was taken. I t  was also 
noted whether a new giving se t had been used. I t  is protocol at Tygerberg 
/Academic Hospital to replace the giving se t a fte r  24 hours, with the f i r s t  bottle 
provided fo r the day. The researchers hands were washed and sprayed with 
alcohol prior to, and a fte r  the sample was taken. The bottle was shaken well 
before the sample was collected. A webcol alcohol swab was used to d is in fect the 
lip of the bottle , and 3-5ml of ready to hang feed was poured into a s te r ile  14 ml 
screw  closure te s t tube. Samples were marked (p ro ject number and sample B) and 
kept re frig e ra ted , on ice, until taken to the Microbiology Department. Samples 
were not collected from feeds, which had not been opened by 15h00. Samples were 
delivered to the Department of Microbiology within a period of 1 - 1 •§■ hours a fte r  
collection.
Completion of administration of the feed - (Sample C)
The C sample had to be obtained before 12h00; and collection began by llhOO. The 
samples were marked (pro ject number and sample C). The researchers hands were 
washed prior to , and a fte r  the sample had been collected. The researchers hands 
were sprayed with alcohol and the bottle was shaken well before the sample was 
taken. A webcol alcohol swab was used to d is in fect the lip of the bottle. Th ree  to 
five  ml of the contents of the ready to hang tubefeed bottle was poured out into a 
s te rile  14 ml screw  closure te s t  tube a fte r  the feeding system  has been 
disconnected. The samples were marked (p ro ject number and sample C) and kept
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re frig e ra te d , on ice, until taken to the Microbiology Department. Researchers 
kept records of the volume of feed remaining in the bottle and of how many 
unopened bottles s t ill remained in the re frig e ra to r. Possible reasons why the feed 
had not been completed within the 24-hour hanging period were also noted. The 
samples were kept on ice and were taken to the Microbiology Department a fte r  all 
the C samples had been collected. Samples were delivered to the Department of 
Microbiology within a 3 - 5 hour period a fte r  collection (Addendum 10).
MICROBIOLOGICAL ANALYSES OF SAMPLES
All samples were tested  at the Department of Microbiology, Tygerberg Academic 
Hospital. Tubefeed samples were kept cool in shaved ice until delivered to the 
Department of Microbiology, where they were stored in the re fr ig e ra to r (4°C) until 
tested . Each sample was vortexed and then using a Gilson pipette 0 ,02  ml aliquots 
were spread over the su rface  of th ree  culture plates, two 5% horse blood agar 
p lates, and one Mac Conkey agar plate. Two culture plates (one 5% horse blood 
agar and one Mac Conkey agar) were incubated with a C 0 2 m ixture , and one culture 
plate (5% horse blood agar) anaerobically at 37°C fo r 18-24 hours, a fte r  which 
identification took place. Culture plates were checked again the next day to 
determine if  any fu rth e r organisms could be identified. Counts were expressed as 
colony forming units (c fu ) / ml. Iso la te s were identified by standard techniques. 
Results were presented as follows: total cfu/m l count fo r  each sample and 
identification of all organisms present that contributed to the total cfu/m l value. 
Samples were considered contaminated if  one or more organism could be identified , 
no m atter what the cfu/m l value was. Samples were considered f re e  of 
contamination only if  no organisms could be identified.
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Prior to the study, it had been decided to group and discuss the microbiology data 
according to Cfu/ml values e.g. number of samples with a Cfu/ml value of <10 000 
Cfu ;/m l, number of samples with Cfu/ml value of > 10 000 but < 20 000 Cfu/ml. 
However the data, in th is fo rm at, was very d ifficu lt  to present and it was not easy 
to draw any meaningful conclusions. The researcher then decided (a fte r  
consultation with the sta tistic ian ), ra th e r to present and group the data according 
to the recognised cut o ff  values found in the lite ra tu re .121419 The researcher fe lt  
th a t th is data would be more useful and that it would be easier to determine which 
production method was sa fe s t on the basis of accepted international standards.
3.2 .5 .COST
The cost of e le c tric ity  and water contribute to the total cost of tubefeed 
production. However, a fte r  discussion with TBH  engineers, it was found it was not 
possible to determine the exact amount of e le c tric ity  and water utilised by the 
tubefeed room. The tubefeed room does not have its own e le c tric ity  or water 
m eter. The electrician consulted, also determined that the e le c tric ity  used to run 
the tubefeed room is negligible, and that using the machine would not resu lt in a 
significant increase in e le c tric ity  usage. The use of water by the tubefeed room 
was also considered to be negligible when compared to the volume of water used on 
a daily basis by the re s t of the hospital. On the basis of th is advice, in addition to 
not being able to gather accurate data, it was decided exclude the cost of 
e le c tric ity  and water when calculating the cost of tubefeeds produced.
Please note that in all calculations the cost of producing supplementary drinks 
was not taken into consideration.
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3.2.5.1 Present System
The daily cost of tubefeed production (average of 60L) and the cost of producing a 
standard concentration (lkca l/m l) 2000ml tubefeed using the present manual 
system  was determined by taking the following fac to rs  into consideration:
1. Cost of basic tubefeed ingredients - using tender prices available fo r  the time 
period 1st December 2000 until 30th November 2001.
2. Cost of labour - th is was determined in two ways:
a) Daily production cost of feeds using an average volume of 60L produced per day. 
Th is was determined by taking the total annual cost of s t a f f  salaries (in Rands) 
and determining how much each s t a f f  member would earn on a daily basis. Total 
income divided by 365 days = amount in Rands earned per day. Th is amount was 
then added to the cost of basic ingredients, cleaning products (Addendum 6), 
and feed administration costs to get the daily production costs.
b) Cost of production of a 2000ml standard concentration (lkca l/m l) feed.
The total daily cost of labour, as determined above, was used to determine the 
cost of a 2000ml tubefeed. I t  cost R?? -?? to produce 60L , th e re fo re  it will 
cost R ??-?? /3 0  to produce 2L. The production of supplementary feeds was not 
taken into consideration when costs were determined.
3. Cost of E le c tr ic ity
Th is was excluded a fte r  discussion with TBH  engineers and e lectricians.
4. Cost of W ater
This was excluded a fte r  discussion with TBH  engineers and electricians.
5. Feed Adm inistration Costs
The cost of all administration se ts  and feeding tubes was determined using
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tender prices available fo r the time period 1st December 2000 until 30th 
November 2001.
6. Cost of cleaning products
Th is includes detergents, cloths, hypochlorite solutions, soap, aprons, and 
disposable caps. I t  was determined by using the average monthly cost of 
cleaning products ordered from the main sto re  fo r tubefeed production 
purposes. Th is  was then expressed as a daily cost in Rands (monthly value 
divided by 30 to give a daily value) fo r the production of 60L of tubefeed.
All the above information was used to determine the exact cost of a tubefeed
produced using the present system.
3.2.5.2 Mechanised Production
The daily cost of tubefeed production (average of 60L) and the cost of producing a
standard concentration 2000ml tubefeed using mechanised production was
determined by taking the following fac to rs  into consideration:
1. Cost of basic tubefeed ingredients - using tender prices available fo r  the time 
period 1st December 2000 until 30th November 2001.
2. Cost of labour -th is was determined in two ways:
a) Daily production cost of feeds using an average volume of 60L produced per day. 
Th is was determined by taking the total annual cost of s t a f f  sa laries (in Rands) 
of all personnel required and determining how much each s t a f f  member would 
earn on a daily basis. Total income divided by 365 days = amount in Rands 
earned per day.
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b) Cost of production of a 2000ml standard concentration (lkca l/m l) feed
The total daily cost of labour as determined above was used to determ ine the 
cost of a 2000ml tubefeed. I t  cost R?? -?? to produce 60L , th e re fo re  it  will 
cost R?? -?? /  30 to produce 2L. All costs determined did not take the 
production of supplementary feeds into consideration.
3. Cost of E le c tr ic ity
Th is was excluded a fte r  discussion with TBH  engineers and e lectricians
4. Cost of W ater
Th is was excluded a fte r  discussion with TBH  engineers and e lectricians
5. Feed Administration Costs
The cost of all administration se ts  and feeding tubes was determined using 
tender prices available fo r  the time period 1st December 2000 until 30th 
November 2001.
6. Cost of cleaning products
Th is includes detergents, clo ths, hypochlorite solutions, soap, aprons, and 
disposable caps. I t  was determined by using the average monthly cost of 
cleaning products ordered from  the main sto re  fo r  tubefeed production 
purposes. Th is was then expressed as a daily cost in Rands (monthly value 
divided by 30 to give a daily value) fo r  the production of 60L of tubefeed. 
(Addendum 6)
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3.2.5.3 Ready to Hang
Please not that the cost of producing supplementary drinks or any other 
additional tubefeeds, or the cost of still having a tubefeed room in addition to 
using RTH, was not taken into consideration when calculations were done.
Only two fac to rs  were taken into consideration when the cost of RTH  feeds was 
determined namely:
1. Cost of basic tubefeed ingredients - using tender prices available fo r  the time 
period 1st December 2000 until 30th November 2001.
2. Feed /Administration Costs - the cost of all administration sets and feeding 
tubes was determined using tender prices available fo r  the time period 1st 
December 2000 until 30th November 2001.
3.2.6 S T A T IS T IC S  AND DATA ANALYSIS
The S ta t is t ica  s ta tistica l analysis package was used fo r sta tist ica l analysis and 
Exce l was used fo r the graphs. Descriptive s ta t is t ic s  were used to evaluate the 
m ajority of the data. The two sample t- te s t  fo r  independent samples (w ith equal 
or unequal variances) was used as appropriate. All possible combinations of the 
three production methods were compared to one another, taking account of the 
e ffe c t  tha t the multiple comparisons have on the significance level (Bonferoni 
inequality). The following variables were compared: production time, waste, 
percentage waste and the number of organisms in each sample. The Mann-Whitney 
U te s t (W ilcoxon rank sum te s t ) based on rank scores of the actual values was used 
as a non-parametric analogue to the two sample t- te s t  fo r  independent samples. 
Th is was used when the cfu/m l count of samples A , B and C (o f all production 
methods) were compared to one another. The S ta t is t ica  package was also used to 
te s t fo r  d iffe ren ces  in proportions (based on the t  d istribution). The following
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variables were compared: percentage of feeds contaminated with more than 102 
and 105 cfu/m l organisms, percentage of feeds contaminated with organisms not 
perm itted and percentage of feeds not stored a t the co rrect tem perature.36 
The null hypothesis will be re jected  fo r each variable between these groups, if  p 
(a f te r  adjustm ent with Bonferoni) is < 5%.
3.2.7 ETHICAL COMMITTEE PERMISSION
Subcommittee C of the Research committee, U niversity of Stellenbosch, approved 
the ethical aspects of the research pro ject entitled: Production of Entera l feeds: 
manual Vs mechanised Vs "Ready to Hang" on the 3rd of January 1998. Issued  with 
p ro ject number 98/007 .
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RESULTS
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NUMBER OF TUBEFEED PERSONNEL ON DUTY DURING THE STUDY 
The number of personnel on duty during the manual production section of the study 
ranged from one to four staff members during the week and two over the 
weekends. This range can be considered to be normal if one takes, days off, and 
days of sick leave into consideration. There are always only two staff members on 
duty over weekends. In the mechanised production section of the study only two 
staff members were involved in the study, both of which were present when data 
was gathered during the week, as well as over the weekend.
TUBEFEED SAMPLE DISTRIBUTION
The tubefeed samples, which were collected for this study, were distributed 
throughout the Tygerberg Academic Hospital (Figure 4). The majority of samples 
tested came from ward A4, 55% (n=65); hand production (HP), 63% (n=63); 
machine production (MP) and 48% (n=59) when ready to hang products (RTH) were 
tested. The other samples tested were found distributed through out the other 
wards. When HP samples were tested, 14% of samples tested came from ward DIO
- a trauma ward, and 14% from 65, an ENT ward with laryngectomy patients. When 
MP samples were tested 13% of samples came from A5E - a respiratory ICU ward, 
and 13% from ward G5. When RTH samples were tested, 12% of samples tested 
came from ward Al - surgical ICU, 15% from ward A2 - a cardiothoracic surgery 
ward
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Figure 4: Ward distribution of enteral feed samples collected
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WEEK VS. WEEKEND DISTRIBUTION OF SAMPLES
Seventy four percent of HP samples and 73% of MP and RTH samples were collected 
during the week, whereas 26% of HP and 27% of MP and RTH samples were 
collected during the weekend (Table2).
Tabic 2: Tubefeed sample distribution Week 
vs. Weekend
Week / 
Weekend
Tubefeed Production Method
Hand (n=65) Machine (n=63) Ready to Hang (n=59)
Week 48/65 74% 46/63 73% 44/59 73%
Weekend 17/65 26% 17/63 27% 16/59 27%
TUBEFEED PRODUCTION DATA
The mean volume of tubefeed produced using HP was 2315ml. MP produced a mean 
volume of 1887ml and the mean of the RTH feeds provided was 1802ml (Table 3).
Table 3: Mean volume (SD) of tubefeed produced
Tubefeed 
production Data
Method of Tubefeed Production
Hand (n=65) Machine (n=63) Ready to Hang (n= 60)
Mean Volume (ml) 2315 (699) 1887 (475) 1802 (509)
Range 960 - 3000 220 - 2400 720-2500
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A significant difference (p < 0.001) was found in the mean reconstitution time, when 
the different reconstitution methods were compared (Table 4 and Figure 5). HP 
reconstitution took 72 seconds and MP only 38 seconds. The difference in mean 
decanting time was found to be significant (p < 0.001) when different production 
methods were compared. HP was 55 seconds, where MP was found to be 152 
seconds. The total mean production time is the total production time expressed as 
seconds per Litre of tubefeed produced. The total mean production time (seconds / 
Litre) was significantly higher (p < 0.001) in the MP tubefeeds (105 seconds/L) when 
compared to the HP method (59 seconds/L).
When the accuracy of different decanting methods were compared the MP method 
was found to be significantly (0.01 < p < 0.05) more accurate, when decanting the 
reconstituted tubefeed, when compared to HP. HP had an average of 62 ml too 
much/too little compared to 42 ml too much or too little for MP. The decanting 
methods therefore varied by a significant mean value of 19 ml too much or too little. 
However when the mean overall error was expressed as a percentage of the mean 
volume provided to the patient, the difference was far smaller. HP had an overall 
error of 2,6% compared to one of 2,24% for MP production (Table 4).
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Table 4: Reconstitution and decanting data (HP Vs. MP) (SD)
Tubefeed Production data Method of Tubefeed Production
Hand
(n=65)
Machine
(n=63)
p value
Mean Reconstitution time (seconds) 72 (13) 38 (14) 0 *
Mean Decanting time (seconds) 55 (13) 152 (40) 0 *
Total Mean Production Time 
(seconds per Litre)
59 (17) 105 (18) 0 *
Mean overall decanting error (% of 
mean volume provided to patient)
2,6% 2,24% -
Accuracy of decanting method used 
(ml) (ml too much or too little after 
decanting)
61 (0,5) 42 (36) 0,0175 *
* p < 0.001 (significant)
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TUBEFEED ADMINISTRATION DATA
Twenty seven percent of the original volume of tubefeeds produced using HP was 
wasted in comparison to 19% of the original volume of MP tubefeeds. This 
difference was not found to be significant (Table 5). However a significant 
difference (0.01 < p < 0.05) was found when RTH feeds were compared to HP 
feeds. Only 15% of the original volume of the RTH feeds were wasted in 
comparison to 27% of the original volume of HP feeds.
Table 5: Wastage of enteral feeds
Tubefeed production 
data
Method of Tubefeed Production
Hand (n=65) Machine (n=63) RTH
% of original feed 
wasted
27%* 19% 15%*
*Significant difference (0.01 < p < 0.05)
PROBLEMS WITH TUBEFEED ADMINISTRATION
The main reasons why tubefeed administration did not take place over a twenty 
four hour period were as follows: patient complications and problems, problems 
with tubefeed administration and unknown factors (Table 6 and Graph 6). Patient 
problems and complications played a role in 9% of HP feeds, 22,5 % of MP feeds 
and 17% of RTH feeds. Thirty seven percent of HP feeds, 22,5 % of MP feeds and 
34% of RTH feeds were not completed over a twenty four hour period due to 
problems with tubefeed administration. I t  was also found that large numbers of 
feeds (all methods of production) had been provided at a rate faster than what 
had been prescribed. Twenty eight percent of HP feeds had nothing left when 
sample C (sample taken from feed in last bottle) was collected, in comparison to 
16% of MP feeds, and 15% of RTH feeds. Twenty eight percent of HP feeds, 44% 
of MP feeds, and 29% of RTH feeds were provided as prescribed (administration 
of total volume prescribed took place over and within a 24-hour period).
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Table 6: Main reasons why tubefeed administration was not completed within 24 hours 
(number of samples)
Reason why tubefeed was not 
completed within a 24 hour 
period
Tubefeed Production Method
Hand (n=65) Machine Method (n= 61) Ready to Hang (n= 59)
% of total % of total % of total
Problems with patient 9% (6) 22,5% (14) 17% (10)
Death 1,5%(1) 5%(3) 2%(1)
Eating 1,5%(1) 1/5%(1) 5%(3)
Nausea /Vomiting 1,5%(1) - -
NPO 1,5%(1) 6,5%(4) 3%(2)
Feed Stopped / Acute Abdomen 1,5%(1) 8%(5) -
Patient Transferred - 1,5%(1) 3%(2)
Cancelled / Not given 1,5%(1) - 3%(2)
Problems with feed 
administration
37% (24) 22,5% (14) 34% (20)
Feed Begun Late 4,5% (3) 6,5%(4) 12%(7)
Tube Out / Tube Blocked 4,5% (3) - 7%(4)
Feed administered too quickly 28% (18) 16% (10) 15% (9)
Unknown 26%(18) 11% (7) 20%(12)
Feeds administered correctly 28% (18) 44% (27) 29%(17)
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SOURCE OF TUBEFEED SAMPLES
The majority of B samples (sample taken at ward level from first bottle by 14h00) 
taken from feeds produced by HP (40%) and MP (51%) were taken from feeds 
found in the ward kitchens (not stored in the refrigerator) (Table 7). Thirty two 
percent of HP B samples were taken from bottles hanging at ward level in 
comparison to 20% of MP samples. One hundred percent of B samples for RTH 
were taken from bottles hanging at ward level. Sixty eight percent of HP B 
samples and 80% of MP B samples were taken from bottles, which were not yet 
hanging, by the cut off time of 14h00. In many cases the researcher had to 
request that RTH feed administration be started, so that B samples could be 
collected by the cut off time of 14h00. Forty five percent of HP B samples, and 
66% of MP B samples, which had not been provided by the cut off time, were being 
stored outside the fridge at incorrect temperatures. No significant difference 
was found between the number of HP and MP B samples stored incorrectly.
The majority of C samples were taken from bottles hanging at ward level, 75% for 
HP feeds, 61% for MP and 100% of RTH. Thirty one percent of C samples from MP 
feeds were collected from bottles stored in the refrigerator at ward level (from 
bottles not provided within the 24-hour period), in contrast to only 15% in HP 
feeds. Ten percent of HP C samples and 8% of MP C samples were taken from 
bottles in the ward kitchen or in the ward (not connected). In the case of RTH, 
only thirty-seven C samples could be collected, a loss of twenty-two samples. In 
the case of RTH, samples were only collected from bottles, which were already 
open at the time the researcher was there. I t  was not possible to collect C 
samples for 28% of HP feeds, 16% of MP feeds and 37% of RTH feeds, used for B 
samples, as feeds were completed prior to the time C samples were to be collected 
(Table 7 and Figure 7and 8).
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Table 7: Source of tubefeed samples collected for microbiological testing
Sample Source
Method of Production
Hand Machine Ready to hang
*
Sample A 
(n=65)
*
Sample B 
(n=65)
♦
Sample C 
(n=47)
*
Sample A 
(n=63)
*
Sample B 
(n=61)
♦
Sample C 
(n=51)
*
Sample B 
(n=59)
♦
Sample C 
(n=37)
Tubefeed Room 100% - - 100% 1,5% - - “
Ward kitchen - 40% 2% - 51% 4% - -
Ward (not hanging) - 5% 8% - 16% 4% -
Ward (hanging) - 32% 75% - 20% 61% 100% 100%
Refrigerator - 23% 15% - 11,5% 31% - -
% of feeds not provided 
b y14h00
- 68% - - 80% “ -
* - Sample A taken in the tubefeed room after reconstitution, *  - Sample B taken at ward level from first bottle by 14h00,
♦ - Sample C taken from last bottle at ward level
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Figure 7: Source of B and C tubefeed samples collected for microbiological testing
(Sample B taken at ward level from first  bottle by 14h00, Sample C taken from last bottle at ward level)
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Figure 8: Percentage of samples collected, which had not been provided by 14h00,
and which had not been stored in the fridge (Sample B - ward level from first bottle by 14h00)
□  % of samples 
not given by 
14h00
■ % of samples
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M ICROBIOLOGY RESULTS:
Please take into consideration th a t once the machine production part of th is  study 
had been completed, it was found that a substandard hypochlorite chemical 
d is in fectant had been used in the tubefeed room. The resu lts discussed below are 
th e re fo re  not a true reflection of 'the sa fe ty  of the mechanised process. The 
mechanised section of th is study was completed at the end of April 1999. I t  was 
the last section of the study to take place. As discussed under methods, the 
machine was installed and training of s t a f f  took place fo r a month before MP data 
was collected. During the pilot study, samples of feeds were collected and tested  by 
the Department of Microbiology. The product Biocide (hypochlorite chemical 
d is in fectan t) was used to d is in fect the machine during the testing period. The MP 
section of the study took place a fte r  all pilot study samples tested  were found to be 
clear of any bacterial contamination.. The researcher was not aware th a t, when the 
MP data was collected, a substandard hypochlorite solution was being used, in the 
place of Biocide. Th is product was used until the end of 1999. Professor Labadarios 
then addressed a le tte r to the Department of Finance, TBH  complaining about the 
quality of the product being supplied, a fte r  which it was replaced by a more 
e ffe c t ive  d is in fectant (Addendum 8). The decline in hygiene standards from  the 
end of 1998 and during 1999, of both tubefeeds and supplementary drinks, can be 
clearly seen in Addendum 12,13 and 14. One can also see a dram atic improvement in 
hygiene standards early in 2000 , a fte r  the substandard hypochlorite solution had 
been replaced (Addendum 12). The machine has been used to produce all standard
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tubefeeds at TBH  since the MP section of th is study was completed. Addendum 12 
and 14 clearly  show that the decline in hygiene resu lts during 1999, can be 
attribu ted  to the substandard hypochlorite d isin fectant solution used and not MP. 
The hygiene standards of both tubefeeds and supplementary drinks were a ffe cted  
negatively during 1999 and both improved during 2000 , once the product had been 
replaced. I f  MP had been the cause of the decline in hygiene standards then the 
hygiene resu lts  fo r  supplementary drinks should have remained the same. The 
resu lts of th is  research work will be presented within the limitations discussed 
above.
PERCENTAGE OF FEED S CONTAM INATED
All th ree  methods of tubefeed production were found to have contaminated samples 
(Table 8 and Figure 9). Twenty th ree  percent of HP A samples were contaminated 
in comparison to 63% of MP samples. Seventy one percent of HP B samples, 74% of 
B samples produced by MP and only 34% of RTH  were contaminated. Th irteen  
percent of C samples produced by HP and 15,5% of C samples produced by MP were 
found to have no bacterial growth, in contrast to 35% of RTH  C samples.
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Figure 9'. Percentage of tubefeeds contaminated - all methods of production
(Sample A taken in the tubefeed room after reconstitution, Sample B taken at ward level from first bottle by 14h00,Sample C - last bottle at ward level)
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PERCENTAGE OF FEED S CONTAM INATED WEEK VS W EEKENDS
When the contamination rates of samples taken during the week were compared to 
those taken during the weekend, a d iffe rence  in the percentage of samples 
contaminated was noted. When the resu lts of samples (HP & MP) taken during week 
1 and week 2 are combined and compared to resu lts obtained fo r the weekend, both 
follow the same pattern , namely Sample A is least contaminated and Sample C is 
most contaminated (Figure 10 d l l ) .  RTH  samples follow the same pattern with C 
samples being more contaminated than B samples (Figure 12). However, when one 
distinguishes between samples taken in week one, week two and during the weekend, 
d iffe re n t resu lts  are  obtained. B and C HP samples collected in week one are almost 
equally contaminated, which is very d iffe re n t to the usual trend seen when the 
average of week one and week two are  compared. HP A samples are  less 
contaminated over the weekend than those tested during the week (Figure 10). 
W eek 1 MP A and B samples are the least contaminated, and the weekend MP C 
samples a re  the least contaminated of all production methods. However, all the A , B, 
and C samples collected during week 2 were found to be contaminated and th e re fo re  
the average levels of contamination fo r  both weeks are very high (Figure 11). In  
RTH  production during the f i r s t  week, it was found that B samples were more 
contaminated than C samples. However, th is  trend did not continue, and during the 
weekend less than 20 % of B samples and over 90% of the C samples were 
contaminated (Figure 12).
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Figure 10: Percentage of feeds contaminated, Week Vs Weekend - Hand Production
(Sample A - tubefeed room after reconstitution, Sample B - ward level from first bottle by 14H00, Sample C taken from last bottle at ward level)
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Figure 11: Percentage of feeds contaminated, Week Vs Weekend - Machine Production
(Sample A - tubefeed room after reconstitution, Sample B - ward level from first bottle by 14h00, Sample C taken from last bottle at ward level)
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Figure 12: Percentage of feeds contaminated, Week Vs Weekend - Ready to Hang
(Sample B taken at ward level from first bottle by 14h00, Sample C taken from last bottle at ward level)
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MEAN NUMBER OF ORGANISM S FOUND IN  SAMPLES
There  was a significant d iffe rence  (p < 0.001) in the mean number of organisms 
identified in HP (0 ,4 ) and MP (1,2) A samples (Table 8). There  was no significant 
d iffe ren ce  found in bacterial contamination levels when the HP and MP B samples 
were compared. When HP and MP C samples were compared it was found tha t MP 
samples had significantly (0.001 < p < 0.01) few er organisms that HP samples. A 
significant d iffe ren ce  (0.001 < p < 0.01) was found in the number of organisms 
identified in RTH  (0 ,7 ) and MP (1,5) B samples. S ign ificantly more organisms (0.001 
< p < 0.01) were identified in MP (1,9) C samples when compared to RTH  (1 ,2) C 
samples. HP B (1,8) and C (2 ,7 ) samples were found to be contaminated with 
sign ificantly (p < 0.001) more organisms than RTH  B (0 ,7 ) and C (1,2) samples.
CFU/ML VALUES OF SAMPLES
When Cfu/ml values were compared between HP and MP samples, significantly more 
colony forming units (p < 0.001) were found in HP A samples when compared to MP A 
samples. There  was no significant d iffe ren ce  between the Cfu/ml values of B and C 
samples. A sign ificant d iffe rence  (p < 0.001) was found in the number of colony 
forming units, when the B and C samples of MP and HP feeds were compared to RTH  
feeds. RTH  B and C samples had significantly few er colony forming units than B and 
C samples of MP and HP feeds. (Table 9, Figure 13)
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Cfu/ml values fo r samples were classified  according to the accepted cut o f f  values, 
which can be found in the lite ra tu re , namely < 102 Cfu/ml and < 105 Cfu/ml. 
S ign ificantly more HP A samples than MP A samples were found be fre e  of 
contamination or to have contamination levels less than 102 Cfu/ml. When B HP and 
MP samples were compared no significant d iffe rence  was found the number of 
samples with contamination levels below 102 Cfu/ml. However, when RTH  feeds were 
compared to MP and HP feeds it was found that RTH feeds had significantly more B 
samples with Cfu/ml values within the acceptable range. When Cfu/ml of C samples 
(all production methods) were classified  according to the cut o ff  point there  was no 
significant d iffe ren ce  found. There  was no significant d iffe ren ce , found in the 
number of A ,B  and C samples contaminated with > 105 Cfu/ml. (Tab le 10)
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Table 8: Percentage Contamination and Mean number of Organisms (5b)
Method of Production
Hand Machine Ready to hang
*
Sample A 
(n=65)
*
Sample B 
(n=65)
♦
Sample C 
(n=47)
*
Sample A 
(n=63)
*
Sample B 
(n=61)
♦
Sample C 
(n=51)
*
Sample B 
(n=59)
♦
Sample C 
(n=37)
Percentage
Contaminated
23% 71% 87% 63% 74% 84% 34% 65%
Number of Samples 
contaminated
15 46 41 40 45 43 20 24
Mean Number of 
organisms
0,4(0,9) 1,8(1,6) 2,7(1,4) 1,2(1,2) 1,5(1,2) 1,9(1,2) 0,7(1,2) 1,2(1,2)
* - Sample A taken in the tubefeed room after reconstitution,
*  - Sample B taken at ward level from first bottle by 14h00,
* - Sample C taken from last bottle at ward level
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Figure 13: Mean number of organisms causing contamination - all methods of production
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Table 9: Microbiology results of different production methods
Microbiological contamination Production Method
Hand (n=65) Machine (n=63) p value
Mean number of organisms in Sample A * 0,42 1,23 0*
Mean number of organisms in Sample B * 1/8 1,5 0,19
Mean number of organisms in Sample C ♦ 2,7 1,9 0,0029 #
Cfu/ml in Sample A* (Rank sum) - - 0*
Cfu/ml in Sample B+(Rank sum) - - 0.804
Cfu/ml in Sample C^(Rank sum) - - 0.653
Microbiological contamination Production Method
Ready to Hang (n=59) Machine (n=63) p value
Mean number of organisms in Sample B * 0,7 1,5 0,001 #
Mean number of organisms in Sample C ♦ 1.2 1,9 0,008 #
Cfu/ml in Sample B+(Rank sum) - - 0,002 #
Cfu/ml in Sample C^(Rank sum) - - 0,005 #
Microbiological contamination Production Method
Ready to Hang (n=59) Hand (n=65) p value
Mean number of organisms in Sample B * 0,7 1,8 0*
Mean number of organisms in Sample C ♦ 1,2 2,7 0 #
Cfu/ml in Sample B+(Rank sum) - - 0,0015 #
Cfu/ml in Sample C^(Rank sum) - - 0,0049#
I# 0.001 < p < 0.01 (highly significant), * p < 0.001 (very highly significant)
* - Sample A taken in the tubefeed room after reconstitution, *  - Sample B taken at ward level from first bottle by 14h00,
♦ - Sample C taken from last bottle at ward level
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Table 10: Samples classified according to accepted Cfu/ml cut off 
points
Method of Production
Hand
(no of samples/n)
Machine
(no of samples/n)
RTH
(no of samples/n)
Percentage of feeds without growth / with acceptable growth < 102 cfu/ml *
Sample A co 86% (5 6 / 6 5 f 44% (2 8 /6 3 f -
Sample B* 42% (27/65)5 36% (22/61)p 70% (4 1 /5 9 f
Sample C+ 23% (11/47) 20% (10/51) 38% (14/37)
Percentage of feeds with contamination of > 105 cfu/ml * *
Sample A© 0% 0% -
Sample B* 1,5% (1/65) 5% (3/61) 0%
Sample C^ 4% (2/47) 15,5% (8/51) 8% (3/37)
* Accepted cfu/ml according to Anderton et al.
* * < 105 threshold cfu/ml according to US Centres for Disease Control and Prevention
co - Sample A taken in the tubefeed room after reconstitution, *  - Sample B taken at ward 
level from first bottle by 14h00, ♦ - Sample C taken from last bottle at ward level 
£ - Significant difference (0.01 < p < 0.05), p - Significant difference (0.001 < p < 0.01)
*  - Significant difference (0.001 < p < 0.01)
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TYPE OF ORGANISMS CAUSING CONTAMINATION OF SAMPLES
Samples tested were contaminated with different organisms. The results obtained 
from the Department of Microbiology indicated total Cfu/ml per sample. Organisms 
were quantitatively identified. The Cfu/ml value of each sample was therefor a value 
for any/all organisms identified. Results are therefor presented as descriptive 
statistics as shown in Table 11, 12,and 13. A total of nine organisms were identified, 
these included Citrobacfer, Enterobacter cloacae. Non Enterocc GDP Strep, 
Acinetobacter SP, Klebsiella pneumoniae, Pseudomonas Sp, Escherichia coli, 
Enterobacter Aerogens, and Serratia. Citrobacfer was found in A, B and C HP samples, 
in C MP samples and in B and C RTH samples (Figure 15,16,17,18). Non Enterocc SOP 
Strep and Acinetobacter SP were identified in A, B and C samples produced by all 
three methods. The following unacceptable gram-negative organisms were identified in 
some A and B HP and MP samples, namely Klebsiella pneumoniae and Pseudomonas Sp. 
Klebsiella pneumoniae was also found in 6 RTH C samples. Eschericia coli, an 
unacceptable gram-negative organism, was also identified in A, B and C MP samples, and 
in B and C RTH and HP samples. Enterobacter aerogens, a gram-negative bacterium, 
was only found in a single HP B sample and in 3 HP C samples. Serratia, a gram-negative 
bacterium was identified in one MP B sample and in two MP C samples.
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Table 11: Percentage of feeds contaminated with organisms not 
permitted
Percentage of feeds contaminated with organisms not permitted
Type of 
sample
Method of Production
Hand
(no of samples/n)
Machine 
(no of samples/n)
RTH
(no of samples/n)
Sample Aa> 3% (2/65) £, 63% (35/63) $ -
Sample B* 29% (19/65) e 72% (44/71) 12% (7/59) P*
Sample C# 51% (24/47) # $ 80% (41/51) #£ 19% (7/37)
© - Sample A taken in the tubefeed room after reconstitution, *  - Sample B taken at 
ward level from first bottle by 14h00, ♦ - Sample C taken from last bottle at ward level
£ - Significant difference (p = 0), 
p - Significant difference (p = 0)
#  - Significant difference (0.01 < p < 0.05),
$ - Significant difference (0.01 < p < 0 .05)
* - Would have been significant with (0.01 < p < 0 .0 5 ), however after taking
Bonferoni into consideration it will not be considered significant
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Table 12: Summary of the type of organism causing contamination of tubefeed samples, and the 
____________percentage which each organism contributes to the level of contamination______________
Type of organism causing 
contamination of 
tubefeed samples
(n= total number of organisms 
identified)
Method of Production
Hand Machine Ready to hang
"Sample A 
(n= 27)
♦Sample B 
(n=118)
♦ Sample C 
(n= 127)
"Sample A 
(n= 79)
*  Sample B 
(n= 91)
♦ Sample C 
(n=98)
*  Sample B 
(n= 42)
♦ Sample C 
(n= 46)
Citrobacter 18% 17% 16% 2% 19% 15%
Enterobacter cloacae 4% 7% 10% 1% 2% 10% 4%
Non Enterocc GOP Strep 26% 29% 28% 18% 21% 26,5% 19% 22%
Acinetobacter SP 44% 28% 22% 3% 2% 2% 31% 39%
Klebsiella pneumoniae 4% 10% 11% 1% 4% 8% 14% “
Pseudomonas Spesie 4% 1% 1,5% 49% 42% 25,5% “ 13%
Escherichia coli - 7% 9% 29% 29% 32% 7% 7%
Enterobacter aerogens - 1% 2,5% - “ “ “ “
Serratia - - - - 1% 2% ” “
*- Sample A taken in the tubefeed room after reconstitution, *  - Sample B taken at ward level from first bottle by 14h00, 
♦ - Sample C taken from last bottle at ward level
Shaded organisms - unacceptable organisms at any level of contamination - not allowed to be present in tubefeeds
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Tabic 13: Type of Organism Found with Cfu/ml > 105
Type of organism 
identified in tubefeed 
samples
Method of Production
Hand Machine Ready to hang
*
Sample A
A
Sample B
♦
Sample C
*
Sample A
*
Sample B
♦
Sample C
*
Sample B
♦
Sample C
Citrobacter - - - - - 0 0 - -
Enterobacter cloacae - - - - 0 0 - - -
Non Enterocc GOP Strep - - - - - - - -
Acinetobacter SP - - - - 0 0 - - -
Klebsiella pneumoniae - 0 0 - - - - - -
Pseudomonas Spesie - 0 0 - - - - - -
Escherichia coti - 0 0 - - 0 0 - - -
Enterobacter aerogens - 0 0 - - - - - —
Serratia - - - - 0 0 - - -
- Cfu/ml > 100 000
* - Sample A taken in the tubefeed room after reconstitution, *  - Sample B taken at ward level from first bottle by 14h00,
♦ - Sample C taken from last bottle at ward level
Shaded organisms - unacceptable organisms at any level of contamination - not allowed to be present in tubefeeds
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Figure 15: Level of contamination (%) and type of organism causing contamination - Sample A
(taken in the tubefeed room after reconstitution)
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Figure 16: Level of contamination (%) and type of organism causing contamination - Sample B
(Sample B taken at ward level from first  bottle by 14h00) Ou>
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Figure 17: Level of contamination (%) and type of organism causing contamination - Sample C
(taken from last bottle at ward level)
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COMPARISON OF CO ST OF D IFFEREN T METHODS OF PRODUCTION
Costs were determined using tender prices fo r the period 1 December 2000 - 30 
November 2001. (Tables 14, 15, and 16 and Figures 19 and 20) Costs have been 
expressed in a number of ways namely, administration costs (Table 14), daily 
production cost of feeds (using an average of 60L produced per day) (Tab le 15), 
and cost of production of a 2000ml standard feed (Table 16). 
The following variables were used to determine the total cost of tubefeed 
production:
• Cost of feed production
Th is included the cost of enteral feed powder or enteral feed liquid (R T H ), and 
the cost of cleaning products. The cost of e le c tric ity  and water were not 
included as discussed earlier.
• Cost of s t a f f  salaries
Th is was determined by taking the yearly  sa lary earned per s t a f f  member, and 
then determining how much each s t a f f  member would earn per day
The cost of feed administration was determined by taking the cost of 
administration se ts  and feeding tubes into consideration. Th is was not included in 
the cost comparison calculation as th is variable was the same fo r  all production 
methods (Tab le  14). The cost of producing the machine was not taken into 
consideration when these calculations were made. (Addendum 15)
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Table 14: Cost of tubefeed administration per day
Hand Method Machine Ready to Hang
Feed Administration
Pump set (ICU) - (each) 
changed daily
R'27-88 R27-88 R27-88
Gravitation Set (each) 
changed daily
R19-73 R19-73 R19-73
Feeding tube (each) R9-12 R9-12 R9-12
Total R28-85 - R37-00 / patient**
** Cost varies - depends on which administration set is used, R28-85 (gravitation
set and feeding tube), R37-00 (pump set and feeding tube)
CO ST OF TUBEFEED PRODUCTION PER DAY
Results were expressed as total cost per day, and total cost per month fo r each 
method of production. The present method of production, namely hand production 
(HP), was used as a baseline and the cost of MP and RTH  were compared to th is . 
These comparisons are found under the sections d iffe ren ce  / month and 
d iffe ren ce  /  year. Figures with a minus sign (-) in fro n t of them indicate a saving 
when compared to HP, and those with a plus sign (+) indicate a value in excess of 
the cost of HP. MP and RTH  are also expressed as a % of the cost of HP with the 
cost of HP equal to 100%. All costs presented do not take the production of 
supplementary feeds into consideration. MP requires few er tubefeed room s t a f f  
than HP. W ith  MP it is possible fo r  the tubefeed room to function e ffe c t ive ly  with 
3 fu ll time s t a f f  members ra th e r than the four required fo r  HP, and th is is where 
the g rea test d iffe ren ce  in production costs are found. Proposed revised working 
hours were determined fo r MP and these can be found in Addendum 13. Ready to
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Hang products cost 52% more than the cost of HP feeds, which is an increased 
cost of R13291-20 per month and R159494-40 per year. I t  was also found that MP 
would resu lt in a 10% reduction in the yearly cost of tubefeed production when 
compared to HP, which is a monthly saving of R 2422-25 and a yearly reduction of 
R 29067-00 . I t  was found that the provision of MP feeds cost 60% of the cost of 
providing RTH  feeds (Table 15).
CO ST OF TUBEFEED PRODUCTION PER 2000ML FEED
When the cost of providing a 2000ml standard feed was compared, it was found 
that MP tubefeeds cost 90% of the cost of HP feeds and RTH  tubefeeds cost 52% 
more than HP feeds. HP feeds cost R28-23 per 2000ml tubefeed whereas MP cost 
R24-54. RTH  feeds cost R42-96 per 2000ml feed (Figure 19). These costs exclude 
the cost of administration, which is the same fo r each method of production. The 
present method of production, namely hand production, was used as a baseline 
(100%) and the costs of MP and RTH  were compared to th is , and were expressed as 
a percentage of the cost of HP. These comparisons are found under the heading of 
d iffe ren ce  per feed when compared to HP, and % of cost of hand produced feeds. 
Figures with a minus sign (-) in fro n t of them indicate a saving when compared to 
HP, and those with a plus sign (+) indicate a value in excess of the cost of HP 
(Table 16).
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Table 15: Cost of tubefeed production per day *
(using tender prices 1 December 2000 - 30th November 2001)
Daily price determined using an average of 60L of tubefeed product per day
Hand production Machine production Ready to Hang
Feed Production
Enteral feed (powder) R489-02 / day R489-02 / day -
Enteral feed (RTH 
liquid)
- - R1288-80 / day
Cleaning products R266-49 / month 
R8-88 / day
R266-49 / month 
R8-88 / day
Sub total R497-90 R497-90 R1288-80 / day
S ta ff salaries
AA 1 R75-48 / day R75-48 / day -
AA 3 R161-48 / day
(for 2 staff members)
R80-74 / day -
Supervisor R110-90 / day R110-90 / day -
Sub total R347-86 / day R267-12 / day -
Total cost per day R845-76 R765-02 R1288-80
Total cost per month R25372-80 R22950-60 R38664-00
Difference / month - - R2422-25a ♦ R13291-20p
Difference / year - - R29067-00“ +R159494-4013
% of cost of hand 
production
100% 90% 152%
Cost excludes the cost of running the tubefeed room for production of supplementary feeds 
a - minus sign (-) indicates a saving when costs are compared to those of HP 
(3 - plus sign (+) indicates a value in excess of the cost of HP
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Table 16: Cost of tubefeed production per 2000ml feed
(6 0 L  produced per day)
Hand Method Machine Ready to Hang
Feed Production
Enteral feed (powder) R16-33 R16-33 -
Enteral feed (RTH liquid) - - R42-96
Cleaning products R00-30 R00-30 -
Sub total R16-63 R16-63 R42-96
S ta ff  salaries
AA 1 R2-52 R2-52 -
AA 3 (x2) R5-38 R2-69 -
Supervisor R3-70 R3-70 -
Sub total . R ll-60 R8-91 -
Total cost of a standard 
2000ml feed / day 
(excluding cost of 
administration sets)
R28-23 R25-54 R42-96
Difference per feed 
when compared to HP
- - R2-69a +R14-73 p
% of cost of hand produced 
feed
. 100% 90% 152%
a - minus sign (-) indicates a saving when costs are compared to those of HP 
p - plus sign (+) indicates a value in excess bf the cost of HP
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CHAPTER 5 
DISCUSSION
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TUBEFEED  SAMPLE D ISTR IB U TIO N
Total enteral nutrition (T E N ) is the p re fe rred  method of feeding patients who are 
unable to ingest adequate nutrients by mouth, but who have a functioning 
gastro intestinal t ra c t  (G IT )  e.g. coma, head and neck malignancies, G IT  
dysfunction.5 Tubefed patients are common in intensive care units. I t  is to be 
expected th a t the m ajority of samples, which were included in th is study, would be 
collected from  these types of wards. In  th is study tubefeed samples of all 
production methods were found to be randomly d istributed throughout the wards 
of Tygerberg Academic Hospital, with most samples of feeds coming from  ICU 's 
and wards specialising in head and neck surgery or trauma to the G IT . The highest 
percentage of samples in all production methods came from  A4 - a neurology IC U  
and general ward. This ward also has a large number of comatose patients a t all 
times. The specialised wards and IC U  wards e.g. A l - surgical IC U , A2 - 
cardiothoracic surgery and A 5E - resp irato ry  IC U , also had a higher percentage of 
samples, which is representative of the more specialised type of patient found in 
these wards. O ther wards which also are generally found to have a large number of 
patients fed  using TEN , such as ward DIO - trauma surgical ward, and G5 - an EN T  
ward with a lot of laryngectomy patients, were also well represented in the samples 
tested .
WEEK VS WEEKEND
Samples were collected as indicated in the methodology chapter. I t  was th e re fo re  
expected th a t most samples tested  would have been collected on weekdays. Th is  
was clearly  found. Any d iffe rences in microbiology resu lts will be commented on in 
detail la te r in the discussion.
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TU BEFEED  PRODUCTION DATA
The development of an e ff ic ie n t , reliable and microbiologically sa fe  method fo r 
preparing large quantities of enteral feeds was one of the main aims of th is  study. 
Up till th is time there has only been one attempt to produce commercial equipment 
specifica lly  designed fo r bulk compounding of enteral solutions. Fagerman et al. 
made a 60L tank, m ixer and tra n s fe r  pump system which was found to decrease 
preparation time and increase the e ffic ien cy  of preparation of 1 L bags of 
elemental d iet. A signif icant time saving of 56% over individual blender preparation 
was also found.1 The microbiological sa fe ty  of products produced was not 
investigated.
The reconstitution and decanting of hand produced enteral feeds is very labour 
intensive, and at the time of th is study, four fu ll time employees were required to 
run the tubefeed room. They work sh if ts  and are on weekend duties tw ice a month, 
taking days o f f  in the week. There  are th e re fo re  at times only th ree  s t a f f  
members on duty. The ir tasks at th is time also included the making of 
supplementary drinks, the washing of all bottles used fo r enteral feed s, and 
delivery of tubefeeds to wards a fte r  production. These functions were not 
investigated, as they are impractical to determ ine, and time taken fo r these was 
not taken into consideration.
The mechanised process of reconstitution was sign ificantly fa s te r  (38 seconds) 
than the hand method of production (72 seconds), but the decanting process was 
sign ificantly slower (55 seconds (HP) versus 152 seconds (M P)) (Table 4). Th is 
meant th a t the total mean production time (seconds per lit re ) of MP was found to 
be sign ificantly slower (152 seconds) than that of HP (59  seconds). These findings 
make it d if f ic u lt  to determine which method of production is most e ffe c t ive . The 
traditional hand method of production requires weighing of the powder fo r  each 
feed individually, as well as measuring of the volume of w ater required. Th is is the
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main reason why the mechanised process is fa s te r , as a bulk volume of powder 
(weighed once) is mixed with a bulk volume of water. Decanting using a jug and 
funnel is re lative ly fa s t  as the diameter of the funnel allows a quick flow of feed. 
Th is is why the HP method is fa s te r  than the MP method, which uses a calibrated 
pump with a small diameter to measure the exact amount of feed required. 
Accuracy is, however, compromised when the two methods are compared. The 
overall average e rro r of HP is significantly higher (61 ml) than that of MP (42ml) 
(Table 4).
Fagerman et al, a fte r  incorporating an overfill of 3 - 5%, had an overall decanting 
e rro r of within 5%, which was determined on a standard volume of 1000ml.1 
Accuracy of decanting fo r both HP and MP were fa r  more accurate than th is , with 
HP having an average overall e rro r of 2,6 % and MP one of 2,24%. The total volume 
decanted fo r  HP and MP was not standard as in the Fagerman study, and varied 
according to the individual patient requirements. However, when feeds are  not 
provided as prescribed, the need fo r accuracy during decanting is nullified.
I t  is also important to take into consideration that only one member of s t a f f  is 
required to both reconstitute and decant all feeds when the MP method is used. 
This allows other members of s t a f f  to make supplementary feeds, other specialised 
feeds and to fu lf il other functions. The HP method looks quicker on paper, but the 
study did not take into consideration the washing of bowls and other equipment 
between feed s, and the time wasted moving from  area to area whilst feeds are  
mixed and decanted. I t  would have been useful to have an indication of tru e  s t a f f  
preference when comparing d iffe re n t methods of tubefeed production. However 
th is was not one of the aims of th is study and it would have entailed a separate 
study on its  own. Practical experience indicates that fac to rs  such as washing of 
bowls and other equipment, and moving around within the tubefeed room adds 
considerably to overall production time of HP feeds. These fac to rs  do not play a
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role in MP feeds. The final product produced by the machine can also be used fo r 
supplementary feed s, which will also help to decrease the s ta f f  workload. The 
amount of feed wasted varied between d iffe re n t methods of production. A 
detailed summary of the advantages and disadvantages of each method of tubefeed 
production can be seen in Table 17.
SOURCE OF TUBEFEED SAMPLES
Feeds are  reconstituted and decanted in the tubefeed room and delivered to wards 
from  12h00. Feeds are placed in re frig e ra to rs  in ward kitchens when possible or 
otherw ise, in the ward kitchen on the counter closest to the re frig e ra to r. W ard 
re fr ig e ra to r space is limited, and at times re frig e ra to rs  s t ill contain feeds which, 
fo r  some reason, were not administered the previous day. The researcher had 
expected to collect all B and C samples from  tubefeeds already hanging at ward 
level. However, th is did not happen as planned, as the m ajority of B HP (68% ) and 
MP (80% ) samples collected were taken from feeds that were not hanging by the 
cut o f f  time of 14h00. The TEN  Policy at Tygerberg Academic Hospital 
recommends th a t feeds (total volume divided into four bottles) should run over a 
24 hour period from  12h00 - 18h00, 18h00 - 24h00, 24h00 - 06h00, and 06h00 - 
12h00. Each bottle hangs fo r a period of 6 hours. All feeds older than 24 hours 
are to be discarded. Th is is why a cut o f f  time of 14h00 had been established. 
Feeds not provided immediately should be stored in the re fr ig e ra to r . I t  is then to 
be expected tha t any feeds not administered by 14h00 should be kept re frig e ra ted  
until adm inistration begins. Th is was not found to be the case and a large number 
of both HP and MP feeds were stored incorrectly . Th is fa c to r will be discussed 
fu rth e r under the microbiology section. Fagerman et al. found that bacteria l 
growth is v irtua lly  a rrested  at recommended re fr ig e ra to r tem perature (7°C), and 
due to the logarithmic growth of bacteria at room tem perature, the importance of 
proper re frige ratio n  cannot be overemphasised. 29 The m ajority of wards in 
Tygerberg Academic Hospital do not have a ir conditioning and th e re fo re  the
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tem perature within ward kitchens is very sim ilar to the tem perature outside the 
building. The average tem perature outside the hospital during the period of th is 
study exceeded 20°C at all times. (Addendum 16) A large number of tubefeeds 
were th e re fo re  exposed to tem peratures in excess of the recommended storage 
tem perature of < 10°C.12 Poor storage conditions of feed s, prior to adm inistration, 
must have contributed to the fa c t  that the initial Cfu/ml counts of Sample A rose 
once the feeds had le ft  the tubefeed room.
C samples should have come from the remainder of the feed in the last bottle or 
from  the re frig e ra to r (when feeds had not been provided fo r some reason). In  
most cases th is was found to be true . RTH  C samples were taken from  bottles 
hanging at ward level. I t  was worrying to see that so many feeds were completed 
fa r  quicker than they should have been. A t times C samples were collected as early 
as 09h30 to ensure that adequate feed remained, th is however did not prevent 
twenty two HP, and 10 MP feeds from  finishing before C samples could be 
collected. The TEN  Policy at Tygerberg Academic Hospital sta te s that feed s, 
including those administered using gravity administration sets should be 
administered over a six-hour period. Flow rate  should be controlled to allow th is  to 
be possible.
MAIN PROBLEMS ASSO CIA TED  W ITH  TUBEFEED DELIVERY
According to the TEN  protocol of Tygerberg Academic Hospital, feeds a re  
provided a t a specific  hourly rate  (not exceeding 120m l/hr) over a 24-hour period. 
Feeds should be provided at ward level as prescribed by the d ietitian , with details 
of total volume, rate  of delivery, energy and protein content indicated on the 
s ticke r stuck on to each individual bottle. The total volume of the feed to be 
provided over the 24-hour period is divided into 4 bottles; each hung at ward level 
fo r  a period of 6 hours. There  should have been more than adequate time to 
collect C samples from the last bottle of feed , which should hang fo r  a period of 6
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hours from  06h00. In  practice feeds are not always delivered timeously (due to 
s t a f f  shortages, and excessive numbers of new tubefeed patients') and th e re fo re  
feed administration begins later than the recommended 12h00. I t  would th e re fo re  
be expected th a t, if  feeds were provided at the co rrect volume, feeds would run 
fo r a longer period of time the next day. I t  was not possible to collect C samples 
fo r  28% of HP feeds, 16% of MP feeds and 38% of RTH  feeds, used fo r B samples, 
as feeds were completed prior to the time C samples were to be collected. Th is 
indicates th a t feeds are being provided at a ra te , which fa r  exceeds that 
prescribed by the dietitian. Th is is worrying as TEN  complications such as 
d iarrhoea, can occur when feeds are not administered at the co rrect ra te  required 
fo r each specific  patient. 2 In  the IC U  situation all feeds are provided using a 
pump which should ensure that feeds are delivered at the co rrect volume. 
However, the m ajority of feeds in general wards are administered using the gravity 
feeding se t (due to financial constraints and lack of pumps), feeds can th e re fo re  
not be delivered as accurately. I f  the flow ra te  is monitored there  should be no 
reason why patients receive more than the required volume of feed per hour. Th is 
would ensure tha t feeds run over a period of 24 hours. Close monitoring does not 
seem to happen a t ward level as many feeds were completed fa r  quicker th a t they 
should have been, and nursing records were incomplete.
In  th is study no distinction was made between feeds administered using pump
administration se ts  and those administered using gravity administration sets .
¥
This study identified  two main reasons why feeds were not co rrectly  delivered 
namely:
a) Adm inistration e rro rs  
TEN  protocols are  not being implemented co rrectly , less than 45% of 
feeds identified  in th is study were provided co rrectly .
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b) Problems with patients
These include G IT  problems and do play a big role, and th is is to be 
expected as patients who receive TEN  generally have more complications 
than those who are fed orally.'.
Patient problems, however, are  not generally fac to rs  th a t can be avoided, and 
th e re fo re  wastage in these situations is inevitable. Feed administration problems 
are  a d iffe re n t m atter, as these should be able to be avoided if  the TEN  protocols 
are adhered to. TEN  protocols e x is t to prevent TEN  complications such as tube 
blockages from  occurring. W astage due to these reasons is preventable in the 
m ajority of cases. The RTH  samples were not collected in the same way and HP and 
MP. The B sample was taken from  the f i r s t  bottle provided to the patient and the 
C sample was to be taken from  the bottle hanging at the patient's bedside the 
following morning. In  38% of cases the bottle at the bedside was e ither empty or 
not ye t connected. C samples were not collected from  bottles opened at th is  time 
as they would not have been connected to the giving set fo r  any period of time. In  
these cases only B samples were evaluated.
A t times researchers would return  slightly la ter to see whether adm inistration of 
the last bottle of feed had begun, and in these cases C samples were collected.
M ICROBIOLOGICAL SA FETY  OF TUBEFEED PRODUCTION M ETHODS
Please take into consideration th a t the resu lts discussed below are not a tru e  
reflection  of the sa fe ty  of the mechanised process (as discussed previously in the 
resu lt section).
Entera l feeding solutions represent an ideal medium fo r the growth of various 
microorganisms, and several of them have been isolated in previous stud ies: 
Escherichia co/i, Klebsiella sp, Proteus sp, Salmonella enter it id is, Pseudomonas
Stellenbosch University http://scholar.sun.ac.za/
aeruginosa, Bacillus cereus, Staphylococcus aureus, and yeasts .23,37 Stud ies have 
shown th a t both handling procedures and the design of enteral feeding system s are 
important in limiting the r isk  of microbial contamination.21 The more the system  is 
manipulated during preparation and delivery, the higher the rate  of contamination. 
The contamination rate  of TEN  has been found to be as high as 61%.16 
Contamination of enteral feeds may originate from  inadequately cleaned and 
d isin fected  equipment, utensils, and su rfaces used during formula preparation, 
ingredients or other supplements used in the preparation or modification of the 
formula; improper conditions of storage and transportation ; inadequate hygiene of 
the handlers; or the improper use of administration se ts .37 The risk  of microbial 
contamination of enteral feeds is related to the type and number of manipulations 
of the feeds and feeding systems between preparation of the feed and the end of 
adm inistration. 21 Microorganisms can multiply rapidly in most enteral feeds and 
studies have shown that even one bacterial cell in the nutrient container can 
multiply to yield 10 000 organisms/ml in the patient within 16 hours.34 According 
to Anderton et al., a non-sterile feed is contaminated at the s ta r t  of administration 
and should have a bacterial count of < 102 cfu/m l (< 10 microorganisms /  mL is 
ideal) prior to administration beginning. Th is will prevent microbial numbers in the 
nutrient containers from exceeding 103ml"1 at the end of adm inistration.12 The U S 
Centres fo r  Disease Control and Prevention c ite  a count of 105 micro-organism /  ml 
as a threshold fo r food-borne djsease outbreaks. A number of adverse clinical 
outcomes have been linked with specific  threshold counts.
Anderson e t a l., found that the incidence of d iarrhoea, in tube-fed hospitalised 
patients receiving a feeding solution with a microbial count less than 105 cfu  /m l, 
was sign ificantly less than when compared to a solution where the microbial count 
was g reater than 105 cfu  /ml. 38 In  another study, an outbreak of infectious 
enterocolitis in an intensive care unit was found to be associated with feeds 
contaminated with 105 - 106 c fu /m l.21
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TUBEFEED  ROOM - A SAMPLES
Results from  the present study found unacceptable levels (using guidelines from 
Anderton et al.) of organisms in HP feeds and MP feeds immediately a fte r  
preparation (sample A). When the guidelines of the US Centres fo r  Disease control 
and Prevention are used as a bench mark, all HP and MP A samples, which were 
contaminated, had acceptable cfu/m l counts. Many studies have documented the 
fa c t  th a t enteral feeds can contain bacteria including Enterobacter spp., Klebsiella 
spp., £  coH., 5. enteritidis, Ps. aeruginosa, Staphylococcus spp., and Bacillus spp., 
before leaving the preparation area .21 The resu lts of th is study are th e re fo re  not 
unexpected, what is however disturbing, is the number of feeds which contained 
g reater than recommended levels of organisms immediately a fte r  reconstitution 
and decanting.
In  the case of MP feeds substandard d isin fectant solutions were la ter found to be 
the main reason why such a high rate  of contamination was experienced. Previous 
studies have found that m ixers, blenders, plastic jugs, sink su rfa ce s , work 
su rfaces , dish cloths and detergent dispensers can be reservo irs of gram negative 
bacilli in both hospital and domestic kitchens. 14,22 I t  is the re fo re  understandable 
that substandard d isin fectants could resu lt in enteral feeds becoming more easily 
contaminated with these organisms. Anderton & Aidoo 26 found th a t inadequate 
cleaning and disinfecting of blenders played an important role in enteral feed 
contamination. Blenders were experimentally contaminated with feed containing 
e ither 102 or 105 cfu  K. aerogenes /  ml, and were rinsed with w ater and/ or 
immersed in hypochlorite solution (125ppm available chlorine). The residual 
organisms provided an innoculum, fo r  the s te r ile  feed used to re fill the blender, 
giving counts < 103 cfu  /ml immediately a fte r  refilling  with s te r ile  feed . They 
suggest th a t only blenders, which can be dismantled and autoclaved, should be used.
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The HP method of feed production does not use a blender, however plastic jugs are 
used to decant feeds, and metal bowls are simply rinsed between mixing feeds. 
Inadequate cleaning and disinfecting could the re fo re  have led to contamination in 
th is case. In  the case of MP feeds (when substandard d isin fectant was available), 
the machine does use a blade to reconstitute the feed , however, it is easy to get to 
and can be cleaned well without a problem. I f  co rrect cleaning procedures are 
adhered to, the blade should not mcrease the r isk  of feeds becoming contaminated. 
The final number of bacteria delivered to the patient during administration of 
enteral feeds depends on the size of the initial inoculum and the amount of time 
the product is held at room tem perature.29 Enteral feeds need to be kept at 
adequate tem peratures in order to keep growth of organisms within reasonable 
limits.
A study by Bastow et al found counts ranging from 102 to 103 cfu/m l ju s t  a fte r  
feed preparation and from 10® to 109 cfu/m l a fte r  24 hour exposure to room 
tem perature.36 O ther studies have demonstrated that bacterial growth in enteral 
feeds is exponential at room tem perature.29 Closed system  containers are  
regarded as the sa fe s t way to deliver non-contaminated feeds to patients. RTH  
d iets supplied in cans (which still require pouring out) are  also considered sa fe  if  
properly hand led .37
WARD LEVEL - B SAMPLES
When the microbiological resu lts of all B samples were analysed, RTH  samples, as 
expected, were fa r  less contaminated than both HP and MP samples. However, the 
levels of contamination were found to greatly exceed recommendations (Anderton 
et a l.), and feeds were contaminated with organisms which should not be perm itted 
at any level (Anderton et al.). When the guidelines fo r  the U S Centres fo r  Disease 
control and Prevention are used as a bench mark, a few  MP and HP B samples were
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found to have cfu/m l counts exceeding those recommended, however these resu lts 
did not d if fe r  significantly.
These resu lts  indicate that s te rile  feeds can easily become contaminated very 
quickly if  not co rrectly  handled at ward level. Previous studies have shown that 
"closed" feeding system s, where the feeding solution comes pre-packaged in ready- 
to-use bags or bottles with or without attached administration se ts , are less likely 
to become contaminated when compared to traditional methods of reconstitution .16 
W ager e t al. compared (in an intensive-care unit) a closed system , an open system  
using canned formula, and an open system using a powder-based form ula that 
required mixing before administration. Sign ificant contamination occurred with 
both open system s, whereas the closed system  demonstrated a contamination rate  
of only 2% .13 In  contrast Patchell e t al. found that levels of contamination rose to 
as high as 100% in children given modular feeds at home, and only a slight 
advantage was seen with a ready to hang form ula, where 62% of feeds became 
contaminated.30 In  a study by Dentinger e t al., large volume (1500ml), closed 
system containers with pierceable caps and piercing spikes were studied to 
determine th e ir  ab ility  to reduce the incidence of microbiological contamination due 
to th e ir design and ability to decrease handling requirements. Feeds were not 
administered to patients, and cpntamination was found to be virtually  non- 
detectable. 35
These resu lts  support Donius, who suggested that the disconnection of the 
gastrostomy tube-form ula administration set junction, may be a c rit ica l fa c to r in 
contamination. 24 Kohn-Keeth et al. found th a t bacterial contamination of delivery 
se ts may be reduced when ste rile  ra th e r than tap water is used to reconstitu te  
enteral feeds and contamination .tends to increase over tim e.25 In  all th ree  stages 
of th is study normal tap water was used to reconstitu te  enteral feeds and to clean
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all equipment. The microbiological quality of the water was not tested , and it could 
th e re fo re  have played a role in contamination of feeds.
WARD LEVEL - C SAMPLES
By the time C samples were tested  there  was a very small d iffe ren ce  (not 
s ign ificant) between the number of C samples contaminated (using Anderton et al. 
as a re fe ren ce ) when all th ree  production methods were compared. HP feeds were 
in itially fa r  less contaminated than MP feeds, but by the time C samples were 
collected the number of samples contaminated with g reater than 102 cfu/m l was 
almost the same. This may be because the plato phase of logarithmic bacteria l 
growth was reached by the time C samples were collected, resulting in sim ilar 
organism counts.
I t  is not easy to explain the d iffe re n t resu lts obtained when samples taken during 
the week were compared to those taken during the weekend. When one looks at 
the average levels of contamination, it seems that all production methods follow the 
same trend with A and B samples being least contaminated and C samples being 
most contaminated. However, when one looks at the resu lts obtained fo r week one, 
separately from  those obtained during week two, a d iffe re n t p icture is obtained. B 
and C HP samples taken in week one were found to be equally contaminated, and 
reasons fo r th is  are unclear, as B samples were equally d istributed  between the 
ward kitchen, the ward re fr ig e ra to r , and those being administered to the patient. 
The m ajority of C samples (84% ) were obtained from  enteral feeds being 
administered to the patient, one would have expected C samples to be more 
contaminated than B samples, due to a longer time having elapsed since production, 
however, th is  was not found. W eek one and weekend MP samples followed the 
expected trend , however, all week two A , B, and C samples were contaminated. Th is 
is most probably due to cross contamination from  contaminated bottles, which may 
not have been washed e ffe c tive ly  during the weekend, and the substandard
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hypochlorite solution which was being used as a d isin fectant during th is  time 
period. Th is may have resulted in cross contamination from the bottle to the newly 
decanted feed . The excessively high levels of contamination during week two 
caused the average level of contamination fo r  MP production to be fa r  higher than 
it would have been. One could have expected it to be very sim ilar to that of Hand 
production, as week one and weekend resu lts obtained compared very favourably to 
HP resu lts . Contamination of week one and weekend RTH  feeds was unusual. In  
week one B samples were found to be slightly more contaminated than C samples, 
however, th is  is not s ta tistica lly  significant. These samples from  week one are 
however less contaminated than those from  week two. Weekend samples followed 
the same trend as HP and MP samples with B samples being fa r  less contaminated 
than C samples. However, B RTH weekend samples were found to be fa r  less 
contaminated than week one and week two B samples, and C RTH  weekend samples 
were fa r  more contaminated than week one and week two C samples. Possible 
reasons fo r  th is may be the fa c t  that giving sets were not always replaced as 
recommended and as stated  in the TBH  TEN  protocol. Th is was despite the fa c t  
that new giving sets were provided on a daily basis with any RTH  bottles sent to 
wards. Giving sets may have become colonised with bacteria  from  contaminated 
feeds resulting in the new bottle (from  which C samples are collected) becoming 
contaminated. Reasons fo r th is variation in resu lts are not clear, but the lite ra tu re  
has found th a t incorrect handling techniques of s te r ile  RTH  feeds can cause 
contamination levels sim ilar to those found in th is s tu d y .30
TYPE OF ORGANISM  CAUSING CO N TAM IN ATIO N
The organisms identified in th is study have all previously been identified in studies 
as contaminants of enteral feed s.12,14,20,23 Gram Negative Bacteria  identified 
included: Escherichia co/i, Klebsiella pneumoniae, Enterobacter cloacae and 
aerogens, Serratia, Citrobacter, Pseudomonas Sp. and Acinetobacter Sp. The 
coliform group includes well-established pathogens such as Salmonella spp.,
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emerging pathogens of global significance ( E. coli), and opportunistic pathogens 
such as Klebsiella and Citrobacter species.32 Coliform organisms are  organisms 
which are  normally found in the gastrointestinal t ra c t , specifically the colon area. 
The following organisms are classified  as coliform s: Escherichia coli (specific  
indicator of faecal contamination), Klebsiella pneumoniae (resp irato ry  pathogen), 
Enterobacter cloacae and Enterobacter aerogens, Serratia, and Citrobacter. They 
are usually harmless in the ir normal hab itat, but can become pathogenic i f  they 
come into contact with tissues outside the G IT .12,38 I t  is possible fo r  coliform s to 
migrate into the body through an intestinal wall damaged by radiation, 
chemotherapy, or surgery.38 Enterobacter and Serratia arz also found fre e  living in 
soil and w ater. The presence of these coliform organisms is undesirable and is 
usually indicative of poor hygiene standards during enteral feed preparation.12 
Pseudomonas Sp. and Acinetobacter Sp. are fre e  living, wide-spread bacteria  and 
are found on the skin, in water and in other moist areas e.g. soil. Only one gram 
positive bacteria  was identified , namely Non enterococc GDP Strep. Th is  is an 
opportunistic bacterium normally found in the gut and can be pathogenic if  it comes 
into contact with tissues outside the G IT . The presence of these organisms 
indicates faeca l contamination or poor hygiene standards. Patchell et al. found 
viable counts of up to 108 cfu/m l organisms in s te rile  ready to hang and modular 
enteral feeds in both the hospital and home setting. They identified commonly 
isolated organisms such as coagulase negative Staphylococci, Streptococci (faecal 
and viridans), and Gram negative bacilli.
Most organisms identified in th is study are gram negative bacteria of faecal origin, 
suggesting th a t inadequate hand washing techniques within the tubefeed room and 
a t ward level may have played a role in contamination of enteral feeds. An 
observation of hand washing at ward level showed that hand washing was not done 
at all before setting up the RTH  enteral feeding system . Hand washing p ractices 
were not monitored specifically when HP and MP samples were collected. However,
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one can assume that nursing s t a f f  would behave in the same way. In  a number of 
instances, RTH  feeds were hung immediately a fte r  nursing s t a f f  had washed 
patients, without hands being washed between procedures. I t  was also noted that 
administration se ts were not always changed according to protocol, and a t times 
when bottles were being exchanged administration se ts  came into contact with 
su rfaces which had not been d isinfected. In  general from  observations (made by 
the researcher whilst collecting data - th is was not o ffic ia lly  recorded or 
documented) made during data collections, it was noted that in most cases enteral 
feeds where administered without any specific  hygiene protocols being adhered to. 
Previous studies have shown that hands are a major source of contamination, 
because of poor hand washing techn iques.26
The s t a f f  in the tubefeed room, however, are very aware of the importance of 
hand washing, and hands are washed prior to s ta f f  entering the working area o f the 
tubefeed room. In  th is instance poor hand washing techniques may play a role, 
however s t a f f ,  when preparing feeds using HP, are constantly busy with th e ir  
hands in the chlorine solution whilst rinsing feed administration bottles and 
equipment used fo r reconstitution. Th e re fo re  contamination of HP A samples is 
most likely not due to inadequate hand washing practices. The number and type of 
microorganism present also a f fe c t  the action of d isin fectants. The concentration 
of the d isin fectant solution, the contact time, the tem perature (higher 
tem perature increase the e ffec tiven ess) and the presence of protein m aterials 
(e.g. enteral feed residue) all a f fe c t  the activ ity  of d isin fectants. Washing of all 
equipment prior to exposure with a chemical d isin fectant will \ncrease its  
e ffec tiven ess . Even the best chemical d is in fectan ts, under the best working 
conditions will ra re ly  kill 100% of the bacteria  present. W here refilling  of wet 
containers continues day a fte r  day there  will be a ca rry  over of bacteria  with 
increasing resistance to the d is in fectant being u se d .12
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The enteral feeding administration bottles used at Tygerberg Academic Hospital 
are  made from  glass and are reused a fte r  washing and disinfecting. Once 
tubefeeds have been administered, the administration bottles are supposed to be 
washed at ward level prior to being returned to the tubefeed room. Th is  does not 
always take place, so it is possible that feed residues remain before bottles are 
washed in the tubefeed room. In  the tubefeed room bottles are washed by hand 
using a soap solution and bottle brushes, th is ensures that all feed residues are 
removed. They are then rinsed in a hypochlorite solution. The bottles a re , 
however, not d ry inside when reconstituted feeds are decanted into them. Th is 
may be a source of microbiological contamination, as the bottle may have had a high 
innoculum of bacteria , due to incorrect washing at ward level, which may not have 
been 100% killed by the chlorine solution. The ca rry  over of bacteria from  the 
w ater remaining in the bottle (bottles are  not dried before being filled ) could have 
been the cause of the m ajority of contamination of all HP and MP A samples. 
T h e re fo re  it is possible that enteral feeds which become contaminated a t ward 
level, resu lt in the re-contamination of enteral feeds produced the following day. 
Anderton et a l., noted that micro-organism may survive and multiply in the film  of 
water retained a fte r  food preparation equipment is cleaned. I f  the film  is dried , 
many, but not a ll, of the microorganisms will be inhibited.
The number of organism will depend on a number of fa c to rs , which include the type 
of organism, the composition of the dried film  and the ra te  of drying. The more 
rapidly and thoroughly the surfaces are dried a fte r  cleaning, the few er organism 
will remain. I t  is suggested that any food preparation equipment, which remains 
wet fo r  longer than four hours following cleaning, should be re-cleaned, d isin fected  
and thoroughly rinsed prior to it being used again.12 The bottle opener and feed 
bottle a re  other known sources of contamination, and studies have shown th a t 
d isinfecting of the bottle opener and feed container can eliminate feed 
contamination.30
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As m entioned previously all en te ra l feeds re co n s titu te d  in th is  s tudy were done so 
by using normal tap w ater. The qua lity  o f w a te r used to  re c o n s titu te  th e  feeds is 
also im po rtan t as gram negative bacte ria , which may be p resen t in w a te r, may 
contam inate feeds, th e re fo re  i t  is suggested th a t  s te r ile  o r boiled w a te r is u s e d .32 
The m icrobio logical s a fe ty  o f th e  w a te r was not te s te d  during th e  s tudy period and 
th e re fo re  th e  p oss ib ility  th a t  th e  tap w a te r could have could have been 
contam inated w ith  Acinetobacter Sp. cannot be excluded. In  a number o f  HP and 
MP samples new organisms were id e n tif ie d  in B and C samples which had not 
previously been found in A samples. This ind icates th a t  contam ination o f these 
samples m ust have occurred a t ward level, due to  in co rre c t handling procedures. In  
th e  case o f th e  HP samples Escherichia coli and Enterobacter aerogens were 
id e n tif ie d  in both  B and C samples, bu t no t any A samples, ind icating  contam ination 
a t ward level. In  MP samples, Enterobacter Cloacae, Serratia and Citrobacter were 
found in B and C samples bu t not in A samples.
These re su lts  would seem to  ind icate  th a t th e  tub e fee d  room is th e  main source o f 
contam inants, however, RTH feeds, which had no con tac t w ith  th e  tu b e fe e d  room, 
were also contam inated w ith  all organisms mentioned, w ith  th e  exception  o f 
Pseudomonas Sp. and Enterobacter aerogens. This ind icates th a t  contam ination 
may have occurred  when b o ttle s  were being opened and w h ils t adm in is tra tion  se ts  
were being a ttached , due to  poor hand hygiene. I t  is th e re fo re  possible th a t  th e  
wards a re  th e  main source o f organisms, which contam inate th e  feeds  a t ward level 
bu t only cause contam ination o f feeds produced in th e  fu tu re  due to  b ac te ria l 
m u ltip lica tion  in d ir ty  b o ttle s , which are  not destroyed  by d is in fe c tin g  and washing 
procedures. Skin contam inants fro m  touch a re  also not uncommon considering th e  
steps requ ired  to  adm in is te r feeds.
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A s tudy  by Lee e t al. found th a t  i t  is possible to  se t up system s, which adm in is te r 
contam inant - f re e  feeds even when using hands w ith  a high bac te ria l load i f  
m eticulous a tte n tio n  is given to  avoid hand con tac t w ith  any po ten tia l rou tes  o f 
b ac te ria l e n try . They h igh ligh t th e  im portance o f  hygiene and handling procedures 
when assembling de livery  system s since pa tien ts  can only receive contam inated 
feeds i f  m icrobes are  able to  invade th e  re se rvo ir during th e  assembly process. I t  
was also found th a t  wearing new non -s te rile  surg ical gloves during th e  assembly o f 
feed ing  system s could achieve th e  de live ry  o f a fee d  f re e  o f contam ination, i f  
c o rre c t handling procedures were fo llo w e d .27
M icrob ia l qua lity  o f en te ra l feeds can'be improved i f  ce rta in  measures are  taken, 
these include th e  development o f pro toco ls fo r  clean techniques in the  p repara tion , 
handling and s torage  o f feeds and cleaning o f p repara tion  equipment. Personnel 
must adhere to  proper adm in is tra tion  techniques, including meticulous hand washing 
and lim ita tions  on adm in is tra tion  t im e s .39
The fo llow ing  variables a ffe c te d  th e  re su lts  o f th is  study:
•  th e  qua lity  o f hypoch lo rite  so lu tion used
•  th e  fa c t  th a t  normal tap w a te r was used to  re c o n s titu te  feeds
•  poor s to rage  conditions and in co rre c t s to rage  tem pe ra tu res  a t ward level
•  poor nursing techniques and poor hygiene standards a t ward level
•  handlers were m ultip le  nurses unaware o f th e  purpose o f th e  s tudy.
COST OF TUBEFEED PRODUCTION
When reading th is  discussion please take  in to  considera tion  th a t  TBH has an 
ex is ting  tu b e fe e d  room w ith  fo u r permanent s ta f f .  The TBH s itu a tio n  is th e re fo re  
d if fe re n t  to  a hospita l where feeds are  re co n s titu te d  a t ward level by professional 
nursing s ta f f .  The use o f p ro fessional nursing s t a f f  to  f u l f i l  th is  fun c tio n  
im m ediately makes th e  re co n s titu tio n  o f powdered feeds, a t w ard level, a fa r  more
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cos tly  undertaking. In  these  s itua tions th e  use o f  RTH feeds is o fte n  found to  be 
more cos t e f fe c t iv e .11
Please note th a t  the  cost o f producing supplem entary feeds was no t taken into 
considera tion  in th is  study. The pro toco l also included tak ing th e  cost o f 
e le c tr ic ity  and w a ter use in to  consideration. However, a f te r  consulting w ith  TBH 
engineers, i t  was found th a t  i t  was not possible to  de te rm ine  th e  exac t amount o f 
e le c tr ic ity  u tilised  by th e  tub e fee d  room, as th e  tub e fee d  room does not have a 
separa te  m e te r to  record  th is . The e lec tr ic ia n  consulted de te rm ined  th a t  the  
e le c tr ic ity  used to  run th e  tub e fee d  room is neglig ib le, and th a t  using th e  machine 
would not re s u lt in a s ig n ifican t increase in to ta l e le c tr ic ity  used. I t  was also not 
possible to  de te rm ine  th e  to ta l volume o f w a te r used spec ifica lly  by th e  tub e fee d  
room, as th is  is not recorded separa te ly fro m  th e  to ta l volume used by th e  hospita l. 
However, a m e te r was placed w ith in  th e  w a te r pipe leading to  th e  w ork area o f  th e  
tu b e fe e d  room (Addendum 1) and average daily volumes o f w a te r used were 
obta ined. MP used an average o f 179 litre s  o f w a te r less per day than HP. Th is is 
most p robab ly due to  th e  fa c t  th a t  w a te r is saved w h ils t using MP, as bowls and 
o th e r equipm ent used do not requ ire  washing, and during HP taps run constantly . 
MP does save a small volume o f w a te r, however, th e  cost o f  i t  is neg lig ib le  when 
looking a t th e  to ta l w a te r b ill fo r  TBH. T h e re fo re  th is  cost was not fa c to re d  in to 
th e  calcu lations used to  dete rm ine  th e  tru e  cost o f tu b e fe e d  production.
Cost conta inm ent is key to  survival in today's hea lth  care arena. In  previous 
s tud ies, th e  cost o f  tube  feed  form ulas, en te ra l feed ing  bags, and de live ry  se ts 
have been th e  focus o f a tten tion . Large volume purchasing has reduced th e  cost o f 
en te ra l fo rm u la  acquisition, b u t i t  does l i t t le  to  cu t th e  cost o f  o th e r co n tr ib u tin g  
fa c to rs  to  th e  to ta l equation. Labour and waste a re  less obvious variables, which 
can be expensive constituen ts  o f  en te ra l n u tr itio n . The to ta l cost, inclusive o f
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labour and waste is o fte n  not considered when purchasing decisions are  made, bu t 
i t  provides a trem endous o ppo rtun ity  fro m  which to  take  economic advantage. 11
Closed system  conta iners and RTH feeds which requ ire  pouring out are  expensive 
and th is  is one o f  th e  main reasons why many hospita ls s t i l l  use en te ra l feeds which 
requ ire  m a jo r handling, allowing several opportun ities  fo r  contam ination.36 S te r ile  
en te ra l d ie ts  have been available as RTH "closed" system s since th e  m id-1980's. 
These products  a re  associated w ith  reduced labour costs when compared to  th e  
conventional "open" systems. 13 S ilk rosk i e t al. found th a t  th e  cost o f wages stood 
out as a s ig n ifica n t and reducib le  expense o f  hospita l tube  feed ing  programs as th e  
p repara tion  o f tube feeds  and th e ir  adm in is tra tion  used considerable amounts o f 
hosp ita l employee tim e. They found th a t  where fa c ilit ie s  used minimal amounts o f 
powdered and modular feeds th a t  less money was spent on labour than when 
hospita ls re lied  on m ixed o r manipulated fo rm u las.11 Technical advances p e rm it 
en te ra l feed ing  in pa tien ts  once supported  exclusively w ith  TPN, TEN may provide 
an o pp o rtun ity  fo r  s ig n ifica n t reduction  in th e  cost o f n u tr it io n  the rapy. This plays 
an im p o rta n t ro le  as a tte n tio n  focuses on viable methods to  maintain th e  qua lity  o f 
services while  minimising personnel and equipment costs.
The clin ica l consequences o f contam inated en te ra l feed ing  may be under 
apprecia ted. Any s ig n ifican t clin ical in fec tio n  aris ing fro m  a contam inated fee d  
may o b lite ra te  any the ra p eu tic  advantage o r cost saving achieved by using th a t  
feed ing  method. W agner e t al. compared a closed system , an open system  using 
canned fo rm u la , and an open system  using a powder-based fo rm u la  th a t  requ ired  
m ixing b e fo re  adm in is tra tion . P reparation tim e , waste, and contam ination w ere 
evaluated, in a in tensive care un it se ttin g . I t  was found th a t  bo th  tim e  and waste 
were s ig n ific a n tly  h igher when using th e  open systems. E nte ra l n u tr it io n  in th e  
closed system  was sa fe ly  in fused fo r  up to  48 hours and was associated w ith  
reduced labour and contamination. In  one in s titu tio n , using a closed en te ra l feed ing
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system  resu lted  in an annual cost saving o f $23  000  - $ 35 000 .13 M o f f i t t  e t  al. 
found th a t  a po tentia l cost saving o f between $ 6 7  and $ 135 per month could be 
achieved, by increasing hanging tim es up t i l l  36 hours (by using a re se rvo ir w ith  an 
app rop ria te  size). This did not re s u lt in increased bac te ria l con tam ina tion .34
These savings were not found in th is  s tudy, in c o n tra s t i t  was found th a t  RTH 
feeds were fa r  more expensive than powdered feeds, which requ ire  re co ns titu tion . 
This is perhaps due to  th e  high purchase p rice  o f RTH feeds which a re  not 
p resen tly  produced in South A fr ic a  and which need to  be im ported fro m  Am erica 
and Europe. The present adm in is tra tion  system  used in T ygerbe rg  Academic 
Hospita l reuses glass IV  b o ttle s  (fro m  IV 's  given a t ward level) and th e re fo re  th e  
cost o f  en te ra l feed ing bags is excluded. This resu lts  in considerable cost savings 
and is one o f th e  reasons why th e  cost o f HP and MP feeds  is so much less than 
th a t  o f  RTH.
The TEN p ro toco l used a t Tygerberg  Academic Hospita l allows fo r  th e  same type  
o f giving s e t to  be used fo r  both  HP and RTH feeds, th e re fo re  th e  cos t o f 
adm in istering  these  feeds is exac tly  th e  same. In  th is  s tudy  i t  was found th a t  MP 
would cos t less than HP, as th e  mechanised process requ ires fe w e r s ta f f .  A ll o th e r 
costs a re  th e  same fo r  both  methods o f  tub e fee d  production. See Addendum 17 
fo r  revised working hours fo r  MP, f o r  th re e  fu ll tim e  s ta f f .
COMPARISON OF TUBEFEED PRODUCTION METHODS
The resea rche r used th e  find ings o f th is  s tudy to  compile a summary o f the  
advantages and disadvantages o f d if fe re n t  m ethods o f tu b e fe e d  production 
(Table 17).
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Table 17: Advantages and disadvantages of different methods of tubefeed production
M e th o d s  o f  T u b e fe e d  Proc u c tio n
Hand P ro d u c tio n Ready to  Hang M a ch in e  P ro d u c tio n
Advantaaes
■  decanting significantly 
fas te r than MP
■  to ta l mean production time 
(seconds per litre )
signif icantly fas te r than 
MP
■  utilises present s ta ff  
available
■  average overall e rro r 
during decanting - 2,6%
■  provides an opportunity fo r 
student training, including 
management o f s ta ff
■  additives required can be 
added w ithout any 
problems
■  cost saving -  costs less 
than RTH even with four 
members o f s ta ff  employed
Advantaaes
■  no s ta f f  members required 
to  mix and decant feeds
■  less wastage, as bottles not 
opened can be re-issued
■  number o f s ta ff  employed 
could be decreased or 
deployed elsewhere
■  bottles can be stored a t 
room temperature - no 
re frigeration  required
■  not a ffec ted  by s ta ff 
shortages or strikes
■  i f  correctly  handled a t ward 
level feeds should be 
significantly less 
contaminated than 
reconstituted feeds
■  no problems w ith late 
delivery o f tubefeeds to 
wards should ensure tha t 
feeds are administered more 
correctly
Advantaaes
■  reconstitution significantly fas te r than HP, time is not 
a ffec ted  by the volume produced
■  final product can be used fo r supplementary feeds
■  can make up bulk volume based on the  previous days volume in 
advance - no waiting required (storage not a problem)
■  only one s ta ff  member required to  mix and decant feeds
■  other s ta f f  members free  to  do other jobs
■  less cleaning as less equipment is used - b e tte r time 
management
■  able to  manage tim e more e ffec tive ly  as to ta l volume to  be 
made is always known
■  volume decanted significantly more accurately than HP
■  tubefeed room functions more e ffec tive ly  as there is less 
movement from  work station to  work station
■  workload is more consistent -the work is be tte r d istributed 
throughout the  day
■  pump can be calibrated fo r any volume o f feed, can be adjusted 
a t any time
■  concentration o f feed is constant fo r all feeds produced th a t 
day
■  average overall e rro r during decanting - 2,4%
■  uses less water than HP
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Advantages and disadvantages of different methods of tubefeed production (cont'd)
Methods o f Tubefeed Yoduction
Hand Production Ready to Hang Machine Production
Advan+aaes continued: Advantaqes continued: Advantages continued:
■  provides an opportunity fo r student training which is not found 
anywhere else within South Africa
■  tota l number of s ta ff required to manage the tubefeed room can 
be decreased or redeployed elsewhere
■ less disruption when there are s ta ff shortages or strikes
■ feeds produced are administered using the same system of bottles 
and tubes as fo r hand production
■  implementation requires no training a t ward level as present 
administration system is used
■ additives can still be added to individual tubefeeds a fte r 
decanting has occurred
■ machine can be used to reconstitute any powdered form of enteral 
feed
■ cost saving - costs 95% of the cost of HP
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Advantages and disadvantages of different methods of tubefeed production (cont'd)
Methods o f Tubefeed Production
Hand Production Ready to Hang Machine Production
Disadvantages
■  very labour intensive - requires 
four s ta ff members to be 
available, requires two s ta ff on 
duty over weekends
■  d ifficu lt to manage time 
effectively as feeds are produced 
as the orders come through - work 
load is inconsistent
■  more washing of bowls to be done
■  decanting not as accurate as MP
■  all supplementary feeds have to be 
reconstituted individually
■  inadequate storage space at ward 
level may result in feeds being 
exposed to incorrect temperatures 
causing an increase in bacterial 
growth
■  correct volume not always 
administered - needs control of 
volume administered per hour
Disadvantages
■  all supplementary drinks have to be 
reconstituted individually, unless replaced 
by ready made products
■  cost influenced by exchange rates
■  become contaminated at ward level if  
correct procedures are not followed - 
additional training required
■  may require additional tubes and pumps 
fo r administration
■  not possible to adapt the feed e.g. add 
salt without greatly increasing the risk of 
contamination
■  correct volume not always administered - 
needs control of volume administered per 
hour
Disadvantages
■ decanting is time consuming
■ training required to use machine
■ specialised equipment used - breakdowns 
can cause delays
■ costly to replace machine
■ inconclusive results obtained fo r the 
microbiological safety of machine 
production
■ inadequate storage space at ward level 
may result in feeds being exposed to 
incorrect temperatures causing an 
increase in bacterial growth
■ correct volume not always administered - 
needs control of volume administered per 
hour
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CHAPTER 6
CONCLUSIONS
AND
RECOMMENDATIONS
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CONCLUSION
The null hypothesis in each case was found to  be invalid. There  were a number o f 
d if fe re n c e s  found between th e  d if fe re n t  methods o f  tub e fee d  p roduction  and the  
various param eters measured. When we look a t th e  lis t o f  advantages and 
disadvantages o f each method o f  tube feed  p roduction, (Table 17) i t  is c lea r th a t  all 
m ethods o f  production  have both  positive and negative aspects in them . However 
on th e  basis o f th e  find ings o f th is  spec ific  s tudy MP has many more advantages 
than th e  o th e r m ethods o f tub e fee d  production evaluated.
The questions posed a t th e  beginning, b e fo re  th is  s tudy  was implemented, now need 
to  be answered.
We are  able to  say th a t mechanisation o f tube feed  production  was found to  be less 
labour in tensive than HP. Fewer members o f s t a f f  are  requ ired  to  produce th e  
same volume o f feeds.
When th e  costs o f d if fe re n t  p roduction  methods a re  considered, i t  is c lea r th a t  
th e  process o f mechanisation can re s u lt in cost savings. Fewer members o f s t a f f  
are  requ ired , and th is  resu lts  in more c o s t-e ffe c tiv e  feeds  being produced. In  
South A fr ic a , a t TBH, RTH feeds were found to  be considerably more expensive 
than both  HP and MP feeds.
The inconclusive m icrobio logical data  resu lts  make i t  impossible to  say w ith  
conviction, e xa c tly  which m ethod o f tu b e fe e d  production  is best su ited  to  th e  TBH 
s itua tion . I t  would be p re fe ra b le  to  have been able to  redo th is  section  o f  th e  
s tudy, however th is  could not be considered a t th e  tim e  due to  tim e  cons tra in ts  and 
th e  financia l im plications o f doing so. The D epartm ent o f  M icrob io logy was paid on 
an hourly  basis fro m  funds provided by sponsors as sample analysis, c fu /m l 
de te rm ina tions and organism id e n tif ic a tio n  are  very  tim e  consuming processes.
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However, when one looks a t th e  m icrobiology s ta t is t ic s , which a re  kep t by the  
D epartm ent o f Human N u tr it io n , o f random samples co llected on a da ily  basis, one 
gets  a fa ir ly  good idea o f how th e  machine functions. The machine has been used 
to  produce large volumes o f re co n s titu te d  tub e fee d  since th is  s tudy  was concluded. 
A lthough not s c ie n tific , th e  s ta t is t ic s  kept by th e  departm ent ind ica te  th a t,  once 
th e  substandard hypoch lo rite  solution was replaced, th e  s tandard  o f hygiene w ith in  
th e  tu b e fe e d  room and fo r  both tube feeds  and supplem entary d rinks has improved 
considerably. (Addendum 9,10,11 and 12)
A lthough th e  randomly se lected m icrobiological samples, co llected by th e  s t a f f  in 
th e  tu b e fe e d  room and analysed by th e  D epartm ent o f M icrob io logy, do not provide 
exac t c fu /m l counts, o r id e n tify  organisms present, the y  do ind ica te  th e  presence 
o f contam ination. Tubefeeds are  e ith e r  recorded  as having no contam ination o r as 
being contam inated. Hygiene percentages are  determ ined by working ou t what 
percentage o f samples co llected were contam inated and th is  is re f le c te d  by the  
to ta l o f 80% fo r  hygiene i f  1 /5  o f samples were found to  be contam inated. The 
graphs in th e  addendum, which re f le c t  th is  in fo rm a tion , c lea rly  show th a t  th e  
substandard hypoch lo rite  p roduct also a ffe c te d  th e  hygiene s tandards o f 
supplem entary drinks. The hygiene standards o f th e  supplem entary d rinks  improve 
a t th e  same tim e  as th e  improvement in hygiene standards o f th e  tube feeds . This 
ind icates th a t  th e  substandard hypoch lo rite  p roduct, and not th e  machine, is 
responsible f o r  th e  increased ra te  o f contam ination o f samples found in th e  study.
I f  th e  p resen t financia l s itua tion  was to  be resolved and th e  budget was to  be 
increased d ram atica lly , then RTH feeds could be considered. However, a t th e  
p resent tim e , th e ir  cost and th e  ease w ith  which the y  can become contam inated 
(when c o rre c t hygiene protoco ls are  not adhered to  - a t ward level), does not 
w a rran t th e ir  use, unless in an emergency s itua tion . T ra in ing  o f  nursing personnel, 
w ith  emphasis th a t  en te ra l feeds should be tre a te d  as i f  th e y  were TPN, would
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help to  decrease th is  ra te  o f contam ination dram atica lly. C o rrec t hand washing 
procedures would also help to  decrease co lifo rm  contamination.
The machine provides an o ppo rtun ity  fo r  s tuden t tra in ing  which is not possible 
anywhere else in th e  world. This is an additional b en e fit.
In  conclusion th e  machine is in place and produces tube feeds  on a daily basis. The 
hygiene standards are acceptable and no fu r th e r  problems have been experienced. 
Only supplem entary feeds are  s t i l l  produced by hand. The RTH option is simply too 
expensive, and i t  can th e re fo re  not be considered i f  a viable a lte rn a tive  is 
available.
RECOMMENDATIONS OF HOW TO IMPROVE TH IS  STUDY
• A more comprehensive environmental p ilo t s tudy could have helped to  decrease 
th e  num ber o f confounding variables, which were id e n tif ie d , a f te r  th e  s tudy  had 
been completed.
• A m ore comprehensive p ilo t s tudy  may have foreseen th e  specimen co llection  
problem s encountered a t ward level during th e  study.
• P atien t m onitoring  could have helped to  dete rm ine  complications spec ific  to  th e  
ingestion o f  contam inated feeds. Patients receiving tub e fee d s  could have been 
assessed fo r  a period o f tim e , a f te r  feed  adm in is tra tion , to  ensure th a t  
possible com plications (due to  in take o f contam inated fee d s) could have been 
id e n tif ie d . P atients w ith  recorded  TEN complications (such as d ia rrhoea  and 
vom iting) could have then been assessed more closely so th a t  o th e r reasons f o r  
com plications e.g. m edication could have been excluded.
•  An a tte m p t to  id e n t ify  possible s ites  /  rou tes o f in fe c t io n / procedures re la ting  
to  contam ination o f en te ra l feeds  would be o f b e n e fit to  th e  study.
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• I t  would have been benefic ia l to  have checked w a te r qua lity  on a daily basis so 
as to  be able to  exclude th is  as source o f contam ination - however th is  would 
have resu lted  in increased costs o f th e  study.
• I t  would have been benefic ia l to  have checked th e  qua lity  o f d ry  e n te ra l feed  
powder fro m  each t in  opened, to  be able to  exclude th is  as source o f 
contam ination - however th is  would have resu lted  in increased costs o f  the  
study.
• In  fu tu re  s tud ies the  researche r must ensure th a t  th e  same qua lity  o f cleaning 
p roducts  a re  used th roughou t th e  s tudy  to  p revent inconclusive m icrobio logy 
resu lts .
• F u tu re  s tud ies, based on th is  s tudy, could d is tingu ish  between feeds 
adm in is te red  by g ra v ity  and those adm in istered by pumps to  be able to  
de te rm ine  i f  th is  plays any ro le  in levels o f contamination.
• F u tu re  s tud ies, based on th is  s tudy, could look in more de ta il a t hygiene 
p ro toco ls and adm in is tra tion  techniques used a t ward level to  de te rm ine  sources 
o f organisms id e n tifie d .
RECOMMEDATIONS TO TBH W ITH REGARD TO TEN ADMINISTRATION
(Based o f  th e  find ings fro m  th is  s tudy)
The TEN p ro toco l (which has been updated since th is  s tudy  took place) must be
adhered to  a t all times. Special emphasis must be placed on th e  fo llow ing:
• c o rre c t s to rage  o f TEN p r io r to  adm in is tra tion , c o rre c t tem pe ra tu res  to  be 
maintained
• c o rre c t hygiene a t ward level, especially hand hygiene, s t a f f  must be tra in e d  to  
t re a t  TEN adm in is tra tion  as th e y  would t re a t  TPN adm in is tra tion
• accurate  reco rds  o f adm in is tra tion  volumes must be kep t and th e  flo w  ra te  
must be m onitored to  ensure accura te  adm in is tra tion
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• adm in is tra tion  (giving) se ts must be replaced on a daily basis as s ta te d  in the  
TEN pro toco l
•  comprehensive tra in ing  o f all nursing s t a f f  a t TBH requ ired  to  ensure th a t  the  
TEN pro toco l is understood and applied co rre c tly
Please note th a t  th e  D epartm ent o f Human N u tr it io n  has, since th is  s tudy  took 
place, employed a dedicated n u tr it io n  nursing s is te r who is responsible f o r  the  
m onitoring  both  TEN and TPN a t ward level. Many o f th e  recommendations 
mentioned above are  now receiving a tten tion .
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LARGE SCALE ENTERAL FEED PRODUCTION U N IT
Valve 2
ADDENDUM 2: SCHEMATIC DRAWING OF MACHINE, INDICATING TAPS AND
VALVES
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ADDENDUM 3:
MANUAL FOR THE BULK PRODUCTION OF TUBEFEEDS
1. The role o f the dietitian when the large scale tubefeed 
production unit is in use
2. Total reconstituted formula produced from specific volumes 
o f water
3. Use o f the mixer and volume control system
4. Biocide mixing instructions
5. Powder formulae volumes - hourly administration
153
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1. ROLE OF THE D IE TIT IA N  WHEN LARGE SCALE TUBEFEED 
PRODUCTION MACHINE IS  IN  USE:
The machine functions by using a pre-m easured volume o f w a te r to  which th e  powder 
form u lae  powder is added - once th e  powder is added th e  to ta l volume produced 
increases - see tab le  below.
TOTAL POWDER FORMULAE PRODUCED FROM SPECIFIC VOLUMES
Volume o f  w a te r (L) Tins o f Powder 
form u lae
Powder form ulae 
in grams
T o ta l lit re s  
obta ined
20 2 tin s  + 1650g 5900 25,00
25 3 tin s  + lOOOg 7375 31,25
30 4  tin s  + 350g 8850 37,50
35 4 tin s  + 1825g 10325 43,75
40 5 tin s  + 1175g 11800 50,00
45 6 tin s  + 525g 13275 56,25
50 6 tin s  + 2000g 14750 62,50
55 7  tin s  + 125g 16225 68,75
60 8 tin s  + 700g 17700 75,00
D eterm ine th e  to ta l volume o f powder form ulae to  be produced using th e  previous 
days to ta l volume as a guideline (volume o f powder fo rm u lae  produced - not e x tra  
w a te r added). Round o f f  th e  volume to  th e  to ta l litre s  c losest to  what you requ ire  
(use b igger volume ra th e r than sm aller). E.g. 53 L o f powder form ulae were 
produced yes te rday , today use th e  recipe fo r  56,25 L. L e t th e  tub e fee d  room 
personnel know which recipe to  dse, by ind icating th e  fin a l volume required.
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2 .TOTAL POWDER FORMULAE PRODUCED FROM SPECIFIC VOLUMES
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Volume of water (L) Powder formulae in 
grams
Total litres obtained
20 5900 25,00
25 7375 31,25
30 8850 37,50
35 10325 43,75
40 11800 50,00
45 13275 56,25
50 14750 62,50
55 16225 68,75
60 17700 75,00
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3. USE OF THE MIXER AND VOLUME CONTROL SYSTEM 
PREPARATION
■  T u rn  on th e  c o n tro l b o x  w hen you com e on d u ty ,  - le t  i t  h e a t up f o r  a b o u t 
an h o u r
■  W a sh  hands. Use D g e rm  /  a lcoho l to  d is in fe c t  hands b e fo re  co m p le tin g  
any o f  th e  fo llo w in g  a c tio n s
■  To e n su re  t h a t  th e  m ix e r  ta n k  is c lean  and d ra in e d  o f  a ll c leaning 
s o lu tio n , r in s e  o u t th e  ta n k  as fo llo w s : c lose  va lve  1, open va lve  2, open 
ta p  2 to  r in s e  o u t th e  ta n k
■  O nce  r in s in g  is co m p le te d , ensu re  t h a t  va lves 1 and 2 a re  c losed
- va lve  1 (b e s id e  th e  ta n k )  is used to  pump o u t th e  c o n te n ts  o f  th e  ta n k
- va lve  2 (b e lo w  th e  ta n k )  is used on ly  to  d ra in  th e  ta n k  a f t e r  use and 
d u r in g  c lean ing
M IX IN G  OF POWDER FORMULAE
■  E nsu re  t h a t  va lves 1 and 2 a re  c losed
■  W ash  hands. U se D g e rm  /  a lcoho l to  d is in fe c t  hands b e fo re  co m p le tin g  
any o f  th e  fo llo w in g  a c tio n s
■  U se ta p  1 to  add th e  re q u ire d  am oun t o f  w a te r  to  th e  w a te r  ta n k  -  be  
c a re fu l to  m easure  a c c u ra te ly
■  O nce  th e  c o r r e c t  vo lum e is m easured  open ta p  3 to  f i l l  up th e  m ix e r  ( th e  
m ix e r  b la d e  m u s t a lw ays be  b e n e a th  th e  w a te r )
■  W e ig h  fo rm u la e  p o w d e r o r  pack b o t t le s  u n t il th e  to ta l  vo lum e has f lo w e d  
in to  th e  m ix e r  ( th e r e  w ill a lw ays be a sm all am oun t o f  w a te r  l e f t  in th e  
ta n k )
■  T u rn  on th e  m o to r
■  Rem ove th e  m ix e r  lid
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■  W h e n  th e  w a te r  is ch u rn in g  w e ll, beg in  to  add  th e  p re -w e ig h e d  p o w d e r 
fo rm u la e  v e ry  s lo w ly  -  do n o t a llow  lumps to  fo r m
■  A llo w  th e  m ix e r  to  run  f o r  a p e rio d  o f  10 m in u te s
■  O nce  th e  m ix ing  is co m p le te , tu r n  o f f  th e  m o to r
DECANTING OF POWDER FORMULAE
■  W ash  hands. Use D g e rm  /  a lcoho l to  d is in fe c t  hands b e fo re  co m p le tin g  
any o f  th e  fo llo w in g  a c tio n s
■  A t ta c h  th e  s ilico n  p ipe  to  Valve 1 (b e s id e  th e  ta n k )
■  Place th e  s ilic o n  pipe in th e  c o n tro l pump and s e c u re  th e  lid  o f  th e  pump 
c a re fu lly
■  V alve  1 can now be opened
■  Place a b o t t le  u n d e r th e  s ilic o n  p ipe w h ich  passes th ro u g h  th e  c o n tro l 
pump
■  A d ju s t  th e  c o n tro l b o x  m echan ism  to  100m l - th e  re q u ire d  vo lum e show n 
in m il l i l i t r e s ,  w h ich  m u s t be  pum ped f r o m  th e  ta n k  in to  t h a t  s p e c if ic  
b o t t le  -  in it ia l ly  to  rem ove  any a ir  o r  w a te r  in th e  p ipe. T h ro w  away th e  
c o n te n ts  o f  th is  f i r s t  b o t t le
■  Push th e  " s t a r t "  b u t to n  on th e  c o n tro l panel
■  Push th e  "s to p "  b u t to n  i f  th e  p ro cess  needs to  be  s to p p e d  a t  any t im e
■  T h e  pump w ill a u to m a tic a lly  s to p  once th e  re q u ire d  vo lum e in th e  b o t t le  
has been  re a ch e d
■ O nce th e  c o n te n ts  o f  th e  f i r s t  b o t t le  has been d is c a rd e d  - a d ju s t  th e  
c o n tro l b o x  m echan ism  as th e  vo lum es re q u ire d  change
■  U se D g e rm  /  a lcoho l to  d is in fe c t  hands re g u la r ly  w h ils t  f i l l in g  b o t t le s
157
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CLEANING OF THE MIXER TANK AND COMPLETE SYSTEM
■  W ash  hands. Use D g e rm  /  a lcoho l to  d is in fe c t  hands b e fo re  co m p le tin g  
any o f  th e  fo llo w in g  a c tio n s
■  O nce  a ll Pow der fo rm u la e  has been d e c a n te d  c lose  Valve 1 and 2
■  D isengage th e  s ilico n  p ipe  f ro m  Valve 1 (on th e  s id e  o f  th e  ta n k )  -  p lace 
i t  in a b io c id e  (c lean ing  ) s o lu tio n
■  O pen ta p  2 to  beg in  c lean ing  th e  ta n k
■  O pen va lve  2 and a llow  th e  c o n te n ts  o f  th e  ta n k  to  f lo w  f r e e ly  in to  th e  
d ra in  - th is  p rocess  shou ld  c o n tin u e  f o r  a p e r io d  o f  f iv e  m in u te s  o r  u n til 
a ll w a te r  d ra in in g  f ro m  th e  ta n k  is c le a r
■  T u rn  o f f  ta p  2, c lose  va lve  2
■  O pen ta p  2 - f i l l  th e  ta n k  to  a lm o s t fu l l ,  and re m o ve  th e  lid
■  A d d  th e  d is in fe c ta n t  /  b io c id e  s o lu tio n  to  th e  ta n k
■  T u rn  on th e  m o to r  and a llow  th e  m ix e r  to  ru n  f o r  a fe w  m in u te s
■  O nce  th e  d e te rg e n t  /  d is in fe c ta n t  is w e ll m ix e d , tu r n  o f f  th e  m o to r . 
S c ru b  th e  in s id e  o f  th e  ta n k  and th e n  a llow  th e  c o n te n ts  o f  th e  m ix e r  
ta n k  to  d ra in  f ro m  b o th  va lve  1 and 2
■  R epea t i f  n ecessa ry
■  A llo w  a ll w a te r  to  d ra in  f r o m  th e  ta n k  (us ing  va lve  2 )
■  F ill b o th  th e  m ix e r  ta n k  and w a te r  ta n k  w ith  b io c id e  w a te r  (use c o r r e c t  
d i lu t io n )  and le t  s ta n d  o v e rn ig h t. D ra in  and r in s e  b o th  ta n k s  b e fo re  
using th e  n e x t  day
■ KEEP HANDS OUTSIDE M IXING  TANK WHENEVER THE 
MIXER IS  ON
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4: BIOCIDE M IXING  INSTRUCTIONS
159
WATER VOLUME BIOCIDE
20 L itres 15 grams
30 L itres 20 grams
40 L itres 25 grams
50 L itres 30 grams
55 L itres 35 grams
60 L itres 40 grams
5: POWDER FORMULAE VOLUMES
ml /  Hour Tota l Volume 
(in ml)
Volume per b o ttle
2 0 4 8 0 120 ml
3 0 7 2 0 180 ml
4 0 9 6 0 2 4 0  ml
5 0 1200 3 0 0  ml
6 0 1440 3 6 0  ml
7 0 1680 4 2 0  ml
8 0 1920 4 8 0  ml
9 0 2160 5 4 0  ml
100 2 4 0 0 6 0 0  ml
110 2 6 4 0 6 6 0  ml
120 2 8 8 0 7 2 0  ml
125 3 0 0 0 7 5 0 m l
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ADDENDUM 4: DATA COLLECTION FORM - MICROBIOLOGICAL SAFETY 
AND PRODUCTION TIME
1. P ro je c t  N u m b e r
2. P a tie n t N am e:.
3. W a rd : ................
4. D a te :.
5. T o ta l vo lum e o f  fe e d .
6. S am ple  T ype
7. Day
Present 1
Mechanised 2
Week 1
Weekend 2
8. N u m b e r o f  s t a f f  on d u ty
9. P ro d u c tio n  T im e
(R e c o n s t itu t io n ) ................................................seconds
(D e c a n tin g )......................................................... seconds
P ro d u c tio n  T im e  ( to ta l) .................................seconds
10. A c c u ra c y  o f  in it ia l volum e m ixed :
Weight o f 4 bottles (+ lids)........................ g (Bottle + lid = 578,5g)
1 ml standard Powder formulae = l,05g (Br bottle =209,5g)
A m o u n t ( in  m l) ..........................................................
□□□
1 2 3 
□ □
4  5 
□ □
6 7  
□ □ □ □  
8 9 10 11 
□
12
□
13 
□
14
□□□
15 16 17 
□ □ □
18 19 20  
□ □ □
21 22  23 
□
2 4  
□ □ □
2 5  26  2 7
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11. T o ta l vo lum e le f t  in th e  b o t t le  a t  t im e  o f  la s t ,— ,,— ,,— ,
sam ple  be ing  ta k e n ..........................................ml I— — 11— I
% o f  to ta l  volum e w a s te d  28  29  30
12. Reason w hy fe e d  was n o t co m p le te d : Q Q
31 32
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ADDENDUM 5: CODES USED TO ANALISE DATA
Codes f o r  o rgan ism s causing co n ta m in a tio n
1. Citrobacter 33. 3 + 10
2. Enterobacter Cloacae 34. 3 + 4  + 5
3. Non Enterocc GP b Strep 35. 3 + 4  + 6
4. Acinetobacter SP 36. 3 + 5 + 6
5. Klebsiella Pneumoniae 37. 3 +  4  + 5  + 6
6. Eschericia Coli 38. 3 + 4  + 5 + 8
7. Mo raxel la Catarrhal is 39. 3 +  4  + 5 +  7
8. Enterobacter Aerogens 4 0 . 4  + 9
9. Pseudomonas Spesie 41. 1 + 4  + 5
10. 4 2 . 1 + 3 +  8 + 9
11. 1 + 2 4 3 . Actinomyces SP
12.1 + 3 44 . Actinomyces + 3
13.1 + 4 4 5 . 1 + 4  + 5
14.1 + 2 + 3 4 6 . 5 + 6
15.1 + 2 + 4 4 7 . 1 + 5
16.1 + 3 + 4 4 8 . 3 + 5 + 9
17.1 + 3 + 5 4 9 . 2 + 3 +  6 + 9
18.1 + 3 + 6 50.
19.1 + 2 + 3 + 4 51. 3 + 5 0
20.1 + 2 + 3 + 5 52. 3 + 6 + 9
21.1 + 2 + 4  + 5 53 . 1 + 5 + 9
22.1 + 3 + 4  + 5 54. 3 +  5 + 6 +  9
23.1 + 3 + 5 + 9 55. 3 + 9
24.1 + 2 + 3 + 4  + 5 56. 5 0  + 3 + 9
25.1 + 3 + 9 + 10 57. 6 + 9
2 6 .2  + 3 58 . 4  + 6 + 9
2 7 .2  + 3 + 4 59 . 4  + 6
2 8 .2  + 3 + 6
2 9 .2  + 3 + 4  + 6
3 0 .2  + 3 + 6 + 8
3 1 .3  + 4
3 2 .3  + 6
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CODES FOR ORGANISMS
Organisms Code Organisms Code
No g row th 1 < 7000 8
< 1000 2 < 8000 9
< 2000 3 < 9000 10
< 3000 4 10 000 11
< 4000 5 > 10 000 12
< 5000 6 100 000 13
< 6000 7 > 100 000 14
SAMPLE SOURCE
1 Tube feed  room
2 Kitchen
3 W ard  - not hanging
4 W ard  - hanging
5 Fridge
6 W ard , hanging no tube  connected
7 W ard , not hanging, giving se t a ttached
REASONS WHY FEED NO T COMPLETED
1 Feed begun late
2 unknown
3 death
4 eating
5 nausea /  vom iting
6 cancelled
7 p a tie n t t ra n s fe rre d
8 NPO
9 N oth ing  le f t
10 Feed stopped /  acute abdomen
11 Tube out
12 N o t given to  pa tien t
13 500m l b o ttle
14 tube  blocked
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CODES FOR WARDS
W ard Code W ard Code W ard Code
A l 1 DIO 8 A5H S 15
A2 2 65 9 A 3W 16
A4 3 G6 10 D2 17
A5E 4 G8 11
A5W 5 J8 12
D6 6 Al 13
09 7 D Gr 14
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ADDENDUM 6 : COST OF CLEANING PRODUCTS ON A MONTHLY 
BASIS
165
B re akd o w n  o f  c o s t o f  c leaning  p ro d u c ts  used in th e  tu b e fe e d  ro o m  on a 
m o n th ly  bas is :
Caps (1 0 0 ) R 2 4 -4 0
Sponges (6  packs) R 16-98
Paragon 8 5  Soap (15L) R 2 5 -1 7
D is in fe c ta n t  (15kg) R 9 4 -0 5
Blue d a ily  w ipes R 3 4 -2 2
Hand Soap (5 L ) R 21 -56
A p ro n s  (1 0 0 ) R 3 3 -0 0
T o ta l R 2 6 6 -4 9
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ADDENDUM 7: DATA COLLECTION FORM - MICROBIOLOGICAL SAFETY 
AND PRODUCTION TIME
1. P ro je c t  N u m b e r
2. P a tie n t N a m e :.....
3. W a rd : .....................
4. D a te :.
5. Total volume o f feed.
6. S am ple  T ype  r t h
7. Day Week 1
Weekend 2
□ □ □
1 2 3 
□ □
4  5 
□ □
6 7  
□ □ □ □  
8 9 10 11 
□
12
□
13
8. T o ta l vo lum e le f t  in th e  b o t t le  a t  t im e  o f  la s t | [| [| |
sam ple  be ing  ta k e n .............................................ml ^  ^ 5  ^
% o f  t o ta l  vo lum e w a s ted
9. Reason w h y  fe e d  was n o t co m p le te d :
..............................................................................................................................  □ □ □
17 18 19
B o t t le  B a tc h  N u m b e r: 1
2
3
4
5
6
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ADDENDUM 8:
8hOO
8h30
8h30 - lOhOO
lOhOO - 10h30 
10h30 - llhOO
11H30 - 12hOO
12h00-12h30 
13h30-14h00
DAILY ORDER OF PROCEDURES FOR COLLECTION 
OF SAMPLES FOR PRESENT METHOD OF TUBEFEED 
PRODUCTION
Ice  ( to keep test tubes cold during collection o f samples) and the 
stopwatch were collected from  A10 lab
Random selection of tubefeed patients from list - by tubefeed 
personnel or dietitian on duty
* mark stickers fo r bottles (all 4 bottles)
W rite  out sample Collection forms (name, ward, f ile  number, project 
number), data collection forms (all information as above , tota l 
volume) and stickers (project number) fo r test tubes
Time reconstitution /  decanting of identified feeds 
Take Sample A (record time sample is taken)
Wash hands prior and a fte r samples are taken 
Tubefeed personnel to make feeds a fte r informing the 
researchers tha t they have a feed marked with an *
Collect sample C from  wards
Time reconstitution /  decanting o f identified feeds 
Take Sample A (record time)
Wash hands prior and a fte r samples are taken 
I f  quiet - begin to collect Sample C a fte r informing the 
ward sister.
Time reconstitution /  decanting of identified feeds 
Take Sample A.
Wash hands prior and a fte r samples are taken 
Finish collecting Sample C
Take Samples A &.C to the Department of Microbiology 
Collect Sample B.
Wash hands prior and a fte r samples are taken
14h00 - 14h30 Take Sample B to Department o f Microbiology
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ADDENDUM 9 :
8h00
8h30
9h30 - 10h30
10h30 - 11H30
11H30 - 12hOO
12h00-12h30 
13h30- 14h00 
14h00 - 14h30
DAILY ORDER OF PROCEDURES -  BULK PRODUCTION
Ice  ( to keep test tubes cold during collection o f samples) and the 
stopwatch were collected from A10 lab
Random selection of tubefeed patients from list 
*mark stickers fo r bottles (all 4 bottles)
W rite  out sample Collection forms (name, ward, f ile  number, project 
number), data collection forms (all information as above , tota l 
volume) and mark test tubes with the relevant project number
Time reconstitution of tota l volume o f feeds 
(keep a record of the total litres produced ).
Time decanting o f identified feeds
Take Sample A (record time sample is taken)
Wash hands and spray with alcohol prior and a fte r samples are 
taken
Tubefeed personnel to begin bulk mixing of feeds and 
decanting o f relevant feeds marked with *a fte r  informing the 
researchers
Time decanting o f identified feeds with *- 
Take Sample A (record time)
Wash hands and spray alcohol prior and a fte r samples are taken 
I f  quiet -begin to collect Sample C at ward level a fte r informing the 
ward sister
Time decanting of identified feeds with *- 
Take Sample A.
Wash hands and spray alcohol prior and a fte r samples are taken 
Finish collecting Sample C at ward level
* Feeds ordered a fte r 12hOO were not included in the study
Take Samples A AC  to the Department o f Microbiology
Collect Sample B. Wash hands prior and spray alcohol a fte r samples 
are taken
Take Sample B to Department of Microbiology
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ADDENDUM
8hOO
8h30
lOhOO - 11K30
11H30 - 12hOO 
13h45- 15h00
: DAILY ORDER OF PROCEDURES FOR THE COLLECTION 
OF READY TO HANG SAMPLES
Ice was collected from the A10 lab - fo r transport of test tubes 
during data collection
Tubefeed patients were randomly selected from  the list (as 
mentioned above in the methods above. The stickers on the bottles 
were changed to indicate the ready to hang product being used.
The number o f bottles required to be sent out was determined by 
using lkcal /  ml to determine the tota l volume required.
Researchers recorded the batch number o f all bottles sent out. 
Researchers wrote out sample Collection forms (name, ward, f ile  
number, pro ject number), data collection forms (all information as 
above , tota l volume) and marked test tubes.
Researchers marked giving sets with the relevant ward and patient 
name - Each randomly selected patient received a new giving set
The researchers hands were washed and sprayed with alcohol 
prior to and a fte r samples were taken
Collection of sample C was begun a fte r informing the ward sister 
The following were noted: volume of feed le ft in bottle  being 
administered and the number o f unopened bottles in the re frige ra to r 
Collection o f sample C was completed
New giving sets were delivered to identified wards and discussed 
with the Sister in charge
Collection of Sample B began - using the method described above.
The researchers hands were washed and sprayed with alcohol 
prior to and a fte r samples were taken
A fte r 15h00 Sample B and c were taken to the Department o f Microbiology
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ADDENDUM 11
UNIVEKSTTEIT VAN STELLENBOSCH 
UNIVERSITY OF STELLENBOSCH
21 November 1999
Mrs L  Lahner
Assistant Director; Finance
TYGERBERG HOSPITAL
Dear Mrs Lahner
TUBEFEED ROOM (TFR): DISINFECTANT
The hygiene profile of the enteral feeds and supplementation drinks in the TFR has 
recently deteriorated to such an extent that I cati no longer guarantee the safety of the 
feeds or for that matter be held responsible for any adverse patient outcomes.
Apart from the chronic and continuing problems in the TFR which arc well known to 
you and the Management, it now appears that a recent change, to my knowledge 
without any prior consultation, to a cheaper disinfectant has compounded the 
problems we encountered. The new disinfectant, of which we apparently use more of 
m order to compensate for its poor quality (so it is not cheaper), does not .adequately 
dissolve in water. Complaints to the supplier apparently led to the product being 
replaced with a less inferior product, which is also inadequate.
Our current statistics show;
Score 1998 1999
Average hygiene score 92% 80%
Average for tubefeeds 89% 63%
Average for suppl.drinks 96% 77%
This alarming decrease in hygiene needs to be addressed immediately and I do hope 
we can revert to Biocide forthwith at least for the TFR.
I look forward to your help and suggestions. I would also strongly aeeommend that, as 
appropriate any change# in purchases likely to affect hospital practices are discussed 
with the relevant roleplayei s and are tested thoroughly before a decision is made to 
di*ng* a product, In thie caee, it docs appear that a clieapei piuGuu is costing US 
much more in the end due to wastage, apart from patient safety considerations.
Yours sincerely
PROF. D LAB AD A RIOS
HEAD: DEPARTMENT OF HUMAN NUTRITION
Copy: DR WASHERMAN
Committed to Exc.ltpnce in Professional Training, Patient and Community Cate am) Research
Fakulteit Geneeskunde •  Faculty of Medicine 
Departement Menslike Voeding *  Department of Human Nutrition 
Posbus/PO Box 19063, 7605 Tygerberg, Suid-Afrika / Sooth Africa
Te). (2 7 ) 021 ■ 9360259. Fax. (2 7 )  0Z1 - 9 3 3 2 9 9 1
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ADDENDUM 12
120%
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60% --
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Figure a: Summary of random tubefeed and supplementary drink samples
Stellenbosch University http://scholar.sun.ac.za/
Sa
m
ple
s 
no
t 
co
nt
am
in
at
ed
ADDENDUM 13
120%
100%
80%
60%
40%
20%
Oct-98 Nov-98Jul-98 Aug-98 Sep-98
Months within which samples were collected
Figure b: Summary of random tubefeed and supplementary drink samples,
Dec
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ADDENDUM 14
120%
100%
80%
60%
40%
20%
0%
Figure c: Summary of random tubefeed and supplementary drink samples, 1999
□  Tubefeeds
■  Drinks
Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99
Months within which samples were collected
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ADDENDUM 15: COST OF MACHINE PRODUCTION
I n i t i a l  q u o te s  f r o m  e ng in e e ring  f i r m s  b e tw e e n  R 2 0 0 0 0 -0 0  - R 2 5 0 0 0 -0 0  
(o n ly  c o n s tru c t io n  o f  m ach ine )
SPONSORSHIP:
A b b o t t :  R 1 5 0 0 0 -0 0
P harm ac ia : R 1 0 0 0 -0 0
P A W C  :_____________________ R 1 0 0 0 0 -0 0  ( f o r  m ach ine  c o n s tru c t io n  and RTH")
TOTAL RECEIVED: R26000-00
COST OF MACHINE CONSTRUCTION AND LABOUR
C o n s tru c t io n  and la b ou r f o r  b u ild in g  6 0 L  s ta in le s s  s te e l m ix in g  bow l and
m ix e r  eng ine : R 1 0 0 0 0 -0 0
D ig ita l v o lu m e tr ic  pump c o n tro lle r :  R 3 2 0 0 -0 0
Pump s y s te m  - pump head R 1043 -10
P e r is ta l t ic  pump d r iv e r  R 1 4 4 5 -9 2
S ilic o n e  p ipe  R 2 5 6 -2 0  p e r 3 m e tre s
M o u n tin g  p la te  f o r  d r iv e r  R 2 3 1 -8 0
L a b o u r c o s ts ______________________________ R 1061-98
TO TAL R 17239-00 
COST OF MICROBIOLOGY SAMPLES AND A SS IS TA N T
M ic ro  (pa id  to  D e p a rtm e n t f o r  ch eck ing  sam ples) a b o u t R 4 0 0 0 -0 0
A s s is ta n t_________________________________________________ R 2837 -50  
TO TAL____________________________________________ R 68 37 -50  
COST OF PURCHASING RTH PRODUCTS USED IN  THE STUDY 
R T H  products:_____________________________________ R 81 8 -6 4  
TO TAL____________________________________________ R 81 8 -6 4  
To ta l cost o f machine: R17239-00
M icro and assistant and RTH: additional R7656-14
TOTAL: R24895-14
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ADDENDUM 16: TEMPERATURE OUTSIDE DURING STUDY PERIOD
D a te Tem p °C D a te Tem p°C D a te Tem p°C
1 9 /1 0 /9 8 2 3 .9 2 3 /1 1 /9 8 26.3 1 2 /4 /9 9 3 7
2 0 /1 0 /9 8 19.8 2 4 /1 1 /9 8 20.3 1 3 /4 /9 9 2 3 .5
2 1 /1 0 /9 8 23.3 2 5 /1 1 /9 8 2 2 .4 1 4 /4 /9 9 24.2
2 4 /1 0 /9 8 21.7 2 8 /1 1 /9 8 2 8 .4 1 7 /4 /9 9 19.7
2 5 /1 0 /9 8 2 2 .4 2 9 /1 1 /9 8 24.3 1 8 /4 /9 9 16.2
2 6 /1 0 /9 8 2 8 .8 3 0 /1 1 /9 8 24.1 1 9 /4 /9 9 19.7
2 7 /1 0 /9 8 21.2 1 /1 2 /9 8 28.1 2 0 /4 /9 9 19.3
2 8 /1 0 /9 8 20 .2 2 /1 2 /9 8 30.1 2 1 /4 /9 9 19.5
A ve ra g e
T e m p e ra tu re
20.1 2 5 .5 2 2 .4
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ADDENDUM 17: PROPOSED WORKING HOURS WHEN MACHINE IS  IN  
__________________ USE (3 STAFF MEMBERS)_______________________________
Day Supervisor AA 1 AA3 Number o f 
s ta f f  on duty
31 /1 2 /0 1 Monday 8 Day O f f 8 2
0 1 /0 1 /0 2 Tuesday Day O f f 8 8 2
2 Wednesday 8 8 8 3
3 Thursday 8 8 Day O f f 2
4 F riday 8 8 8 3
5 Saturday Day O f f Day O f f 8 1
6 Sunday Day O f f Day O f f 8 1
7 Monday 8 8 Day O f f 2
8 Tuesday 8 8 8 3
9 Wednesday . 8 8 8 3
10 Thursday 8 Day O f f 8 2
11 Friday 8 8 8 3
12 S aturday Day O f f 8 Day O f f 1
13 Sunday Day O f f 8 Day O f f 1
14 Monday 8 Day O f f 8 2
15 Tuesday . 8 8 8 3
16 Wednesday 8 8 8 3
17 Thursday 8 8 Day O f f 2
18 Friday 8 8 8 3
19 S aturday Day O f f Day O f f 8 1
20 Sunday Day O f f Day O f f 8 1
21 Monday 8 8 Day O f f 2
22 Tuesday 8 8 8 3
23 Wednesday 8 8 8 3
24 Thursday 8 Day O f f 8 2
25 Friday 8 8 8 3
26 S aturday Day O f f 8 Day O f f 1
27 Sunday Day O f f 8 Day O f f 1
28 Monday 8 Day O f f 8 2
29 Tuesday 8 8 8 3
30 W ednesday 8 8 8 3
31 Thursday 8 8 Day O f f 2
1 F riday 8 8 8 3
2 S atu rday Day O f f Day O f f 8 1
3 Sunday Day O f f Day O f f 8 1
L 07h00 - 16h00 (8 hours), E 07h00-13h00 (6 hours), WE 07h00 -12h00 (5 Hours)
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